
PROCEEDINGS 

OF 

THE ROYAL SOCIETY 
OF VICTORIA 



VOLUME 120 NUMBER 2 23 DECEMBER 2008 


f 



THE ROYAL SOCIETY OF VICTORIA 


2008 


Patron 

President 

Vice-President 

Vice-President 

Immediate Past President 
Honorary Secretary 
Honorary Treasurer 

Honorary Librarian 
Honorary Editor 
Honorary Archivist 
Honorary Research Secretary 


Professor David de Kretser, AC, Governor of Victoria 

G.D. Burrows, AO, KCSJ, BSc, MB, ChB, DPM, MD, FRANZCP, 
FRCPsych, MRACMA, DipMHlthSc(ClinHyp), FACham, DSc 

P.G.Thorne, BSc, PhD, DipPubPol, HonDEng(Melb) 

W.J.W. McAuley, BSc, MScp, KCT(Scot), KCSt.J, RFD, JP, 
FRGS, FAIE 

B.G. Livett, BSc(Hons), PhD 

T.F. Smith, AM, BSc, PhD, FTSE, FAIP, FInstPhys 

R.M. Ligiitfoot, LLB, LLM, DipCivEng, DipElecEng, 
DipMechEng, BEMining (Hons), RFD, FIEAust 

W.B.J. Lowden 

A.L. Yen, BSc(Hons), PhD 

D.A. McCann, DipAppChem, DipEd, GradDipLib, MEnvSc, PhD 
R.L. Hughes, BE, MEngSc, PhD 


The above Office bearers are ex officio members of the Council of The Society. 


Other members of the Council are: 


W.D. Birch, AM, BSc(Hons), PhD 

J.S.S. Buckeridge, BSc, MSc(Hon), PhD, FGS(Lond), FAustImm, FIPENZ 
A.P. Kershaw, BSc, MSc, PhD 
J.A. Long, BSc(Hons), PhD 
J.F. Lovering, AC, MSc, PhD, FAA, FTSE, FRS 
M. Sandiford, PhD 

L. Selwood, MSc, PhD 
G.R. Shi, BSc(Hons), PhD 

M. Williams, BSc, MS 

J.W. Zillman, AO, FTSE, BA, BSc(Hons), MSc, PhD HON, DSc, FAIP, FIS 


Honorary Financial Advisor: 
Honorary Solicitors: 
Honorary’ Accountants: 
Honorary Auditor: 

Trustees: 


Executive Officer: 

Vacant 

The Ralton Group Ltd. 

Blake Dawson Waldron 

Messrs. Ernst & Young 

M. Kovassy, MACC, CPA 

D. M. Churchill, BSc, MA, AA1M PhD 

Professor J.W. Warren, MA, PhD 

Hon. Sir Edward Woodward, KT, OBE, LLM. QC 



PROCEEDINGS 

AND 

TRANSACTIONS 

OF 

THE ROYAL SOCIETY OF VICTORIA 


Volume 120 
NUMBER 2 



9 VICTORIA STREET, MELBOURNE, VICTORIA 3000, AUSTRALIA 








Published by The Royal Society of Victoria 
ABN 62 145 872 663 
9 Victoria Street 

Melbourne, Victoria 3000, Australia 
Tel: 61 (03) 9663 5259 
Fax: 61 (03)9663 2301 
Email: rsv@sciencevictoria.org.au 
Web: www.sciencevictoria.org.au 

Produced by Publishing Solutions Pty Ltd 
www.publishing-solutions.com.au 

Printed in Australia 


All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted 
in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the prior 
written permission of The Royal Society of Victoria. 


© The Royal Society of Victoria Incorporated, 2008 


ISSN 0035-9211 



CONTENTS OF VOLUME 120, NUMBER 2 


PROCEEDINGS 

Paul I. Boon, Elisa J. Raulings, Michael Roache & Kay Morris 

Vegetation changes over a four-decade period in Dowd Morass, a brackish-water wetland of 

the Gippsland Lakes, south-eastern Australia 403 

C.R. Twidale & P.R. Kenley 

A.D.N. Bain and inselberge 419 

TRANSACTIONS 
Matthew H. England 

Water mass variability and change in the Southern Ocean i 

H.J. Larry Harrington 

Zealandia, Victoria, Tasmania, southeast Queensland, New Caledonia and the Austral Volcanic 

Island Arc v 

Thomas H. Rich & Patricia Vickers-Rich 

Tunneling into permafrost for polar dinosaurs xli 

Council of The Royal Society Of Victoria 

Annual report for the twelve months ending 31 December 2007 liii 


EDITORIAL POLICY 


The Society disseminates new scientific knowledge and 
encourages scientific debate through the medium of its 
international journal Proceedings of The Royal Society 
of Victoria. 

Each volume of the Proceedings may consist of two 
sections: 

The ‘Proceedings’ proper consists of peer reviewed 
contributions. Each contribution is reviewed by two 
reviewers and, in the cases of widely divergent 
reviewer opinions, a third reviewer may be con¬ 
sulted. The editor’s decision, through the Editorial 
Committee, as to the acceptance or rejection of a 
submitted or reviewed contribution, is final. 

The ‘Transactions’ of the Society consists of unre¬ 
viewed items of scientific interest such as occa¬ 
sional addresses, articles of debate or discussion or 
other contributions deemed appropriate by the edi¬ 
tor and in the public’s interest. The responsibility of 
the content of such contributions rests solely with 
the author. 

The Society invites contributions for the Proceed¬ 
ings from authors across the various disciplines of the 
physical and natural sciences and on issues concerning 
technology and the applied sciences. 


Honorary Editor: Alan Yen 
Managing Editor: Elizabeth A. Weldon 



PROCEEDINGS 

OF 

THE ROYAL SOCIETY OF VICTORIA 


Volume 120 
NUMBER 2 




VEGETATION CHANGES OVER A FOUR-DECADE PERIOD IN 
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Boon, P.L. Rauungs, E.J., RoAcm-, M. & Morris. K... 2008. Vegetation changes over a four-decade period 
in Dowd Morass, a brackish-water wetland of the Gippsland Lakes, south-eastern Australia. Proceed¬ 
ings of the Royal Society of Victoria 120(2): 403-418. ISSN 0035-9211. 

Hydrological conditions in the Gippsland Lakes, Australia's largest navigable inland waterway, have 
changed markedly since European settlement, largely as a result of the creation in 1889 of a permanent 
artificial opening to the Southern Ocean at Lakes Entrance. It was proposed by E.C.F. Bird in the 1960s 
that increased salinity in the Gippsland Lakes would cause Swamp Scrub communities, dominated by the 
Swamp Paperbark Melaleuca ericifnlia Sin., to replace the existing Reed communities dominated by 
Pliragmiles australis (Cav.) Trin. Ex Steud. This process seems to have been operating in one of the largest 
of the Ramsar-listed wetlands in the Gippsland Lakes complex. Dowd Morass State Game Reserv e, where 
regional natural-resource managers and other stakeholders were concerned that increasing salinization, 
combined with changes to wetting and drying cycles, were causing changes in the lloristics and condition 
of wetland vegetation. To test whether changes were taking place in the vegetation of Dowd Morass, we 
analyzed a suite of historical aerial photographs, covering the period 1964 to 2003, of the distribution of 
various plant communities in the wetland. The area of M. rr/ci/rr/hi-dominated Swamp Scrub increased by 
72% over the 39 year period, w hereas the area of P. uii.vtra/is-dominated Reed communities declined by 
26%. Although such a shift is consistent with the predictions made by E.C.E Bird's salinity-mediated 
model of vegetation change, it is unlikely that salinity alone was the factor responsible for the increasing 
dominance by M. ericifolia. Instead, it is likely that, under the conditions of near-permanent inundation in 
Dowd Morass, the presence of microtopographical relief played a major role in allowing Swamp Scrub to 
become the dominant vegetation type. 

Key words: Dowd Morass, Gippsland, Melaleuca, Pliragmites , microtopography, wetland. 


THE GIPPSLAND LAKES arc a complex of shal¬ 
low coastal lagoons and fringing wetlands on the 
south-eastern coast of Victoria. The current shape 
and location of the Gippsland Lakes is a relatively 
recent phenomenon, as they were separated from the 
Southern Ocean only in the Quaternary Period by the 
deposition of a succession of sandy barriers (Bird 
1978, 1993). When the Gippsland region was first 
settled by Europeans in the 1840s, the lakes were 
linked to the sea by a shifting, intermittent and flood- 
dependent outlet through the sand barriers between 
Cunninghamc and Red Bluff, at the easterly part of 
Lake King. As shipping access to the sea was not 
only constrained by the often-closed entrance but 
highly risky when the entrance was open, tin artifi¬ 
cial entrance was cut to the ocean in 1889 at Lakes 
Entrance, about 5 km from the natural entrance 
(Synan 1989). Sand deposition soon sealed off the 
old natural outlet, and the artificial entrance has 


since been kept open by periodic dredging to permit 
the passage of vessels in and out of the lakes. 

It is suspected that a major consequence of open¬ 
ing the permanent entrance has been to increase the 
salinity of the Gippsland Lakes, which previously 
were often relatively fresh as a consequence of hav¬ 
ing only an intermittent linkage with the ocean and 
being fed by large rivers flowing into Lakes Welling¬ 
ton and King (Bird 1993; Ellis & Lee 2002; Harris et 
al. 1998; Mobley et al. 1983; Saunders et al. 2008). 
Before the artificial opening was created, flows from 
the major rivers would create freshwater conditions 
and cause water levels to rise until there was suffi¬ 
cient pressure to force a new entrance through the 
coastal dunes (Longmorc 1989). After the sand bar¬ 
rier was breached, seawater would flow into the lakes 
complex to create brackish-water conditions; sand 
deposition would eventually seal the opening and 
freshwater inflows from the major rivers would rein- 
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state a more freshwater regime. The creation of the 
artificial opening would thus have had most effect on 
salinity regimes in the eastern lakes (Lakes King and 
Victoria) and a smaller influence on Lake Welling¬ 
ton, the western-most lake in the complex and the 
water body most distant from the permanent opening 
(Harris et al. 1998; Webster et al. 2001). In fact, sa¬ 
line intrusions into the lower sections of the Nichol¬ 
son, Mitchell and Tarnbo Rivers that flow into the 
eastern parts of the Gippsland Lakes are a continuing 
source of environmental degradation (Lovell & 
McAlister 2002); similar processes may well operate 
as well in the lower sections of the Latrobe River, 
which flows into Lake Wellington (Sjerp et al. 2002). 
In addition to the likely impact of the artificial open¬ 
ing at Lakes Entrance, salinity regimes throughout 
the Gippsland Lakes have been affected by reduc¬ 
tions in How of the major rivers - caused by river 
regulation and abstraction - and by changes to the 
surrounding catchment, such as the clearing of na¬ 
tive vegetation (Longmore 1989; Webster et al. 
2001 ). 

In a series of papers in the 1960s, the geomor¬ 
phologist E.C.F. Bird observed significant changes 
to vegetation along the fringes of the Gippsland 
Lakes and its associated wetlands (Bird 1961, 1962, 
1966; see also Bird 1983). E.C.F. Bird proposed that 
Common Reed ( Phmgmiles australis (Cav.) Trin. Ex 
Steud.: Poaccae) was being replaced by Swamp Pa- 
perbark ( Melaleuca ericifolia Sm.: Myrtaceae) and, 
in the most salinized areas, that M. ericifolia would 
be replaced by saltmarsh communities dominated by 
chenopod and other highly salt-tolerant taxa. Moreo¬ 
ver. it was proposed that that increased salinity, exac¬ 
erbated by increased wave erosion, was the primary 
driver of the observed vegetation changes. Despite 
the Gippsland Lakes’ large size, economic impor¬ 
tance, cultural heritage values and listing as interna¬ 
tionally important wetlands under the Convention on 
Wetlands of International Importance Especially as 
Waterfowl Habitat , commonly known as the Ramsar 
Convention, the changes in vegetation predicted by 
E.C.F. Bird seemingly have never been tested. This is 
all the more surprising given that there are now a 
range of international obligations for Ramsar-listed 
wetlands in Australia, including the description of 
changes to their ‘ecological character’ (Department 
of the Environment and Water Resources 2007). 

Since 2003 we have been involved in a large re¬ 
search project which addressed the ecology and man¬ 
agement of one of the largest of the Ramsar-listed 
wetlands in the Gippsland Lakes complex, Dowd 


Morass State Game Reserve. This wetland has suf¬ 
fered from major alterations to its hydrological regime 
since the 1970s and, consistent with the predictions of 
E.C.F. Bird, is subject to chronic secondary saliniza¬ 
tion. Regional natural-resource managers and other 
stakeholders were concerned that increasing saliniza¬ 
tion. combined with changes to wetting and drying cy¬ 
cles, was causing floristic changes to, and degradation 
of, the vegetation of Dowd Morass. The concern had a 
number of seemingly contradictory components; first 
that A/, ericifolia was deteriorating in condition across 
large parts of the wetland; second that M. ericifolia 
was progressively encroaching into areas formerly 
dominated by P. australis; and third that P. australis 
was expanding into new areas. 

To inform natural-resource managers about pos¬ 
sible changes in dominant plant communities, we an¬ 
alyzed a suite of historical aerial photographs, 
commencing in 1964 and extending to 2003, on the 
distribution of various plant communities in Dowd 
Morass. Although it was not an ideal site to test the 
predictions of E.C.F. Bird (because of the concomi¬ 
tant changes to wetting and drying cycles), Dowd 
Morass provided an ideal location to examine long¬ 
term vegetation changes in the Gippsland Lakes be¬ 
cause of the existence of an excellent set of previously 
un-analysed historical aerial photographs that cov¬ 
ered the entire wetland. Analysis of historical aerial 
photographs has been shown repeatedly to be a valu¬ 
able tool for detecting and quantifying long-term, 
landscape-scale responses of vegetation communi¬ 
ties to disturbance, since they combine high spatial 
resolution, large spatial extent and sufficient long¬ 
term coverage (Fcnsham & Fairfax 2002; Herwitz et 
al. 2000; Kadmon & Harari-Kremer 1999; Williams 
& Lyon 1997). In this communication we have two 
aims; i) to determine whether there had been long¬ 
term changes in the relative distributions of M. erici¬ 
folia and P australis in Dowd Morass and whether 
any changes were consistent with the predictions 
made by E.C.F. Bird; and ii) to explore whether envi¬ 
ronmental factors, particularly salinity and altered 
water regimes, could provide an explanation for any 
floristic shifts that were detected. 


MATERIALS AND METHODS 
Field site - Dowd Morass 

The Gippsland Lakes Ramsar site covers 43,046 ha 
and consists of the main lakes (Wellington, Victoria, 
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Fig. 1. Map of Dowd Morass State Game Reserve in the Gippsland Lakes Ramsar site of south-eastern Australia. Levee 
banks divide the wetland into five zones, termed Areas A-E. The large ibis rookery is located in Area 13. 


King, Tyers, Bunga and Reeve) along with a large 
number of fringing wetlands (Australian Nature 
Conservation Agency 1996). Dowd Morass, a 1,500 
ha brackish-water wetland on the southern bank of 
the Latrobe River adjacent to Lake Wellington, is a 
critical component of the Gippsland Lakes Ramsar 
site (Fig. 1). Prior to European settlement, Dowd 
Morass was likely to be periodically flooded with 
fresh water from the Latrobe River, and with water 
of variable salinity from Lake Wellington under a 
limited set of wind, wave and tidal conditions (Parks 
Victoria 1997; Sinclair Knight Merz 2003). It is 
commonly believed that the wetland would have 
dried completely about every five years, but there is 
little firm data to support this contention. Currently 
the wetland is classified as a Deep Permanent Fresh¬ 
water Marsh under the wetland classification scheme 


employed across Victoria (Department of Conserva¬ 
tion and Environment 1992). 

A series of levee banks, approximately 0.9 - 1.9 
m AMD. were constructed within the morass in 1973 
when it was in private ownership. (By comparison, 
the bank alongside the Latrobe River is about ~ 0.3 m 
AFID: Sinclair Knight Merz 2003.) These levees al¬ 
most completely separated the wetland into a number 
of discrete sections, which wc call Areas A-D (see 
Fig. 1 for details). The internal levees were con¬ 
structed to constrain or prevent overbank flows from 
the Latrobe River and to prohibit brackish water from 
Lake Wellington entering the westerly most parts of 
the morass and inundating agricultural land (K. I ley- 
wood, local landowner, pars. comm.). A large rookery 
of colonially breeding waterbirds, in particular Aus¬ 
tralian Ibis (Threskiornis molucca Cuvier 1829), is 












Electrical Conductivity (dS m-1) Water Depth (m) 
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(A) 



Year 



Fig. 2. (A) Water depth and (B) salinity, measured as electrical conductivity, in Areas A-E of Dowd Morass over the 

period 1992 to 2003. 
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located in Area B in the south-west of the morass. 
Ibis have bred in Dowd Morass since at least 1961, 
with notable breeding periods occurring in 1965 to 
1970 inclusive, 1974 and 1978 (Cowling & Lowe 
1981). Ibis breeding is a substantial component of the 
rationale for the Ramsar listing of the site. 

Two small channels were constructed sometime 
in the early 1970s to establish a hydraulic connection 
between Dowd Morass and the Latrobe River. In 
1975 the State Government of Victoria purchased the 
wetland as a State Game Reserve and breaches were 
created in the internal levees to improve water circu¬ 
lation. The morass was flooded in 1975 to reduce the 
impact of saline intrusions from Lake Wellington 
and to provide better opportunities for waterfowl 
bunting (A. Schulz, Parks Victoria, pers. comm.). It 
has been kept flooded continuously since, except for 
a brief period in 1997-1998 when water levels were 
drawn down, as described below. Gated culverts were 
installed on the artificial drains in 1987 to allow 
water levels to be better managed (Sinclair Knight 
Merz 2003). 

In response to a perceived decline in the condi¬ 
tion of M. ericifolia in the critical ibis rookery area, 
Dowd Morass was partly drained by Parks Victoria 
in March 1997 by allowing water to flow through the 
culverts to the Latrobe River. A draw down was 
achieved for about four months during the summer 
of 1997-1998, but was soon curtailed because brack¬ 
ish water from Lake Wellington backed up the La¬ 
trobe River when water levels rose markedly in the 
Gippsland Lakes as a result of large flows in the east¬ 
ern rivers. Saline water then entered Dowd Morass 
via a shallow opening between it and Lake Welling¬ 
ton and via overbank flow along the Latrobe River 
(Sinclair Knight Merz 2003). Water levels in the mo¬ 
rass have been kept high since this temporary draw 
down in order to prevent a repeat occurrence of the 
saline intrusion and for waterfowl hunting (Fig. 2A). 

Vegetation communities in Dowd Morass 

Two main vegetation communities occur in brackish- 
water wetlands of the Gippsland Lakes: a Swamp 
Scrub community dominated by M. ericifolia , and a 
Reed community dominated by P. australis (Corrick 
& Norman 1980). Swamp Scrub dominates large 
parts of Areas B, C and D in Dowd Morass, where it 
occurs as a low open forest in permanently flooded 
areas and as a low closed forest in intermittently 
flooded areas (i.e. around the perimeter of the wet¬ 


land). Other plant species present in the understorey 
of the Swamp Scrub community include native and 
introduced herbs such as Chenopodium glaucum L„ 
Cotula coronopifolia L., Lobelia alata Labill. and 
Persicaria decipiens (R. Br.) K.L. Wilson. 

Anecdotal reports suggest that the Gippsland 
Lakes and its fringing wetlands once supported an 
abundant submerged plant flora, and reports by Bird 
(1978) and Ducker ct al. (1977) indicate that such 
plants were abundant as recently as the 1950s and 
1960s. ‘Open Water’ plant communities ( sensu Cor¬ 
rick & Norman 1980) are present at Dowd Morass, 
and include species such as Water Ribbons Vallis- 
neria australis S.W.L. Jacobs & D.H. Les, Water 
Milfoil Myriophylhon aquatiewn (Veil.) Verde., 
I’ondweed Potamogeton ochreatus Raoul, and two 
species of floating fern. Azolla pinnata R. Br. and 
Azolla filiculoides Lam, Submerged angiosperm taxa 
are currently relatively common in Areas A, C and D, 
but rare in Area B. 


Photograph selection and processing 

Aerial photographs were obtained from the Land Infor¬ 
mation Centre, Lavcrton, Victoria for the years 1964, 
1973, 1982, 1991, and from Parks Victoria for 2003 
(Table 1). Two sets of photographs (1964, 1973) were 
available before the water regime was modified in 1975, 
and three sets (1982, 1991, 2003) for the period after¬ 
wards. Photographs were taken using black and white, 
colour and colour infrared film, at scales ranging from 
1:6,000 to 1:42,500 (Table 1). Although earlier sets of 
aerial photographs were available for the 1940s and 
1950s, the poorer quality of lenses and emulsions, com¬ 
bined with a high frequency of strong water-borne re¬ 
flection, prior to 1964 made them unsuitable for 
digitisation and accurate vegetation mapping. 

Photographs were scanned at a resolution of 600 
dpi using a Powerlook 2100XL flatbed A3 scanner 
(Umax Technologies Inc., Dallas, USA). Each image 
was rectified using the Leica Photogrammetry Suite 
(LPS) component of Erdas Imagine™ v. 8.7 software 
(Leica Geosystems, 1 Icerbrugg, Switzerland). Erdas 
Imagine™ uses a digital elevation model (DEM), 
ground control points (GCPs), and camera calibra¬ 
tion data to remove geometric distortions in the orig¬ 
inal images. Although the existing DEM for the 
region has not been extensively ground-truthed at 
Dowd Morass, since vertical topographic variation 
within the wetland is thought to be less than 3 m, the 
DEM used in the rectification process was assumed 
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Table 1. Source and characteristics of aerial photographs used to map changes in vegetation communities in Dowd Morass. 
VLIC is the Victorian Land Information Centre (Laverton, Victoria) and PV is Parks Victoria (Bairnsdale, Victoria). 


Date 

Source 

Series 

Approximate scale 

Emulsion 

Number of 
contact prints 

May 1964 

VLIC 

Lake Wellington Project 

1:16.000 

Black & White 

16 

Apr 1973 

VLIC 

Dutson 

1:8,000 

Black & White 

26 

Feb 1982 

VLIC 

Sale M/S 8321 

1:42,500 

Black & White 

2 

Nov 1991 

VLIC 

Sale M/S 8321 

1:25,000 

Colour 

5 


to be flat. Geographical coordinates of the ground 
control points were determined in the field using a 
Garntin GPS instrument (72 version 2.03 hand-held 
unit, Garmin, Olathe, USA); at least five GCPs were 
identified on each photograph from the 2003 series. 

The rectified images were resampled using a 
nearest-neighbour algorithm and projected in the 
Universal Transverse Mercator (UTM) co-ordinate 
system. Photographs were then combined into a sin¬ 
gle-image photomosaic for each year using the mo¬ 
saic function of Erdas Imagine™. Areas of large 
overlap between adjacent photos were removed from 
the relevant photographs prior to constructing mosa¬ 
ics to minimize blurring artifacts. To ensure that the 
total study area was the same for all photographs, the 
subset function of Erdas Imagine™ was used to 
eliminate areas not common to all five mosaics. This 
step ensured that year-to-year changes in wetland 
class and area could be accurately determined. 

Land-cover classification 

An unsupervised classification (Isodata algorithm, 
Erdas Imagine™) was used to separate each photo¬ 
mosaic into land-cover classes. Eight groups most ef¬ 
fectively separated the land-cover classes in the 
unsupervised classification. A supervised classifica¬ 
tion was not performed because of water-borne re¬ 
flectance within and between photographs. Manual 
recoding of classified images resulted in four final 
land-cover classes: ‘Swamp Scrub’, ‘Reed Commu¬ 
nity’, ‘Open Water’ and ‘Other’. These correspond to 
communities used in the classification system of Cor- 
rick and Norman (1980), but the ‘Open Water’ cate¬ 
gory included all detectable surface water regardless 
of whether plants were present, and the ‘Other’ land 
cover class included the largely terrestrial Forest 
Red Gum (Eucalyptus terelieomis Sm.) community, 
grasslands, herbfields and bare sediment. 


To quantify the percentage error associated with 
the classification of land-cover classes, we placed 20 
quadrats (0.5 ha) randomly on each image mosaic 
for each land-cover class. Land-cover classes within 
each of these quadrats were digitised by hand, and 
the cover of each land-cover class was compared to 
the cover of the land-cover classes from the Erdas 
Imagine™ unsupervised classification in the same 
quadrats. The accuracy of the draft 2003 digital veg¬ 
etation map was extensively ground truthed before 
producing the final digital vegetation maps. The 
cover (in hectares) of each land-cover class for each 
year was obtained from the corrected mosaics using 
Erdas Imagine™ Raster Attributes. The percentage 
of area that changed from one land-cover class to an¬ 
other during each time interval was determined for 
each land-cover class and is presented as a transition 
matrix. 


RESULTS 

Classification errors 

A common problem when using aerial photographs 
to infer long-term vegetation change is that errors in 
classification occur due to the presence of shadows 
and to water-borne and bi-directional reflectance 
among or within different images; the result of these 
errors is that a single plant community may be classi¬ 
fied differently in different images. In the case of 
aerial photographs for Dowd Morass, however, the 
quite different growth forms of the dominant plant 
species, as well as their contrasting canopy shape 
and canopy texture, meant it was quite easy to dis¬ 
criminate M. ericifolia -dominated Swamp Scrub 
from l‘. australis -dominated Reed communities dur¬ 
ing the manual reclassification. 

Digital analysis of the historical aerial photo¬ 
graphs produced images of similar quality for each 
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Table 2. Mean classification error shown as hectares (± standard errors, n = 15 for each category for each year) of each 
classified photomosaic for the total area (l ,500 ha) of the Dowd Morass wetland as well as for Swamp Scrub and Reed com¬ 
munities. Total areas of each community for the different years are shown in Table 3. 


Year 

Total wetland 

1964 

1.6 ±0.7 

1973 

2.0 ± 1.0 

1982 

2.6 ± 0.8 

1991 

6.9 ± 2.4 


Swamp Scrub 

-2.1 ± 1.5 
0.4 ± 1.1 
-2.3 ± 1.9 
-1.9 ±2.4 


Reed 
1.8 ± 1.4 
0.4 ± 1.1 
3.0 ± 1.7 
1.5 ±2.5 


year. The mean classification error, after manual re¬ 
coding, associated with each photomosaic was less 
than 5 %. The procedures we used could overesti¬ 
mate the area of Reed communities by up to ~ 2 % 
and underestimate the area of Swamp Scrub by ~ 3 
% (Table 2). Black-and-white and colour photo¬ 
graphs were unable to detect the presence of sub¬ 
merged plants, but the near infrared imagery of 2003 
could penetrate shallow flooded areas to reveal the 
distribution of some submerged plant species, partic¬ 
ularly V. australis. 

Historical changes in vegetation classes 1964 - 2003 

Reed communities dominated Dowd Morass in 1964 
(485 ha, Table 3) and occurred mostly as a large, 
monotypie stand in the centre of the wetland (Area E 
in Fig. I; see also Fig. 3A). At this time M. ericifolia- 
dominated Swamp Scrub was less extensive (348 ha) 
than the Reed community and its distribution was 
patchy; small, isolated plants of M. ericifolia were 
scattered amongst beds of P. australis in the north 
east, but large expanses of Swamp Scrub were 
present in the eastern, central and western sections of 
the wetland. In the eastern and central parts of the 


morass, Swamp Scrub formed a closed forest with 
good canopy cover, but in the western region of the 
wetland the Swamp Scrub canopy was perforated 
and formed an open forest. 

Few changes occurred in plant distributions be¬ 
tween 1964 and 1973. The Reed community declined 
in area by about 6 % between 1964 and 1973 (Table 

3) , and it was replaced by Swamp Scrub (41 ha), 
Open Water (3 ha) and other vegetation (14 ha: Table 

4) . Some areas that had been Open Water in 1964 
were replaced with the Other land-cover class (77 ha: 
Table 4; Fig. 3A-B). The near-permanent flooding 
that commenced in 1975 appears to have had little 
detectable impact on the area of Swamp Scrub and 
Reed communities in the first seven years (Fig. 3C); 
over this time the Swamp Scrub and Reed communi¬ 
ties increased by only 44 ha and 10 ha, respectively 
(Table 3). The slight increase in Swamp Scrub area 
was a consequence mostly of the expansion of indi¬ 
vidual M. ericifolia plants situated within the Reed 
community in the north cast of the morass. 

The greatest period of change in both Swamp 
Scrub and Reed communities occurred between 1982 
and 1991,7-16 years after the 1975 flooding. The ex¬ 
tent of Swamp Scrub increased by 126 ha during this 
period so that, by 1991, Swamp Scrub dominated the 


Table 3. Area (hectares) ol the four wetland land-cover classes in Dowd Morass calculated from classified images for the 
period 1964-2003. Net changes from the previous time period arc shown in brackets. Note that the total changes do not sum 
to zero because of rounding errors. 


Year 

Open Water 

Swamp Scrub 

Reed community 

Other 

1964 

182 

348 

485 

633 

1973 

120 (-62) 

362(14) 

458 (-27) 

708 (75) 

1982 

514 (394) 

406(44) 

468(10) 

260 (-448) 

1991 

510 (-4) 

532 (126) 

369 (-99) 

237 (-23) 

2003 

516(6) 

599(67) 

358 (-1 1) 

175 (-62) 
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Table 4. Transition matrix (changes in area, in hectares) of wetland class transfers for each time period interval in Dowd 
Morass. 


1964- 1973 

1973- 1982 

1982- 1991 

1991 -2003 

Changes in Swamp Scrub to: 





Open Water 

6 

19 

20 

27 

Reed community 

14 

35 

7 

13 

Other 

42 

5 

3 

3 

Changes in Reed community to: 




Open Water 

3 

19 

25 

18 

Swamp Scrub 

41 

37 

109 

64 

Other 

14 

<1 

3 

2 

Changes in Open Water to: 





Swamp Scrub 

6 

4 

28 

25 

Reed community 

7 

9 

16 

32 

Other 

77 

2 

35 

4 

Changes in Other vegetation to: 




Open Water 

19 

371 

30 

22 

Swamp Scrub 

29 

62 

19 

21 


wetland (Fig. 3D; Table 3). During this period new 
stands of P. australis became established along the 
northern shoreline in Areas A, C and E (Fig. 1: see 
also Fig. 3C-D). Even so, the overall extent of the 
Reed community declined by 99 ha between 1982 
and 1991 (Table 3). During this nine-year period. 
Swamp Scrub replaced 109 ha of Reed community, 
mostly in the central section of the morass, and 28 ha 
of Open Water (Table 4). 

Between 1991 and 2003, the area of Swamp Scrub 
increased by 67 ha as M. ericifolia continued to invade 
the Reed community in the central section of the mo¬ 
rass (Fig. 3E; Table 3). The distribution of P. australis 
beds along the northern shoreline continued to expand 
during this period, but was not sufficient to balance 
the conversion of Reed community to Swamp Scrub 
in other parts of the wetland (Fig. 3E, Table 3). By 
2003, after 28 years of near-permanent flooding, the 
wetland was dominated by Swamp Scrub (599 ha) and 
the Reed community had contracted by nearly 30 % of 
its original cover (to 358 hectares). Figure 4 shows the 
temporal changes in extent of these two plant commu¬ 
nities over the period 1964 to 2003. 


700 


• Swamp Paperbark 
O Common Reed 


600 



1964 1973 1982 1991 

Year 


i 


§ 


Fig. 4. Changes in the area of M. ericifolia -dominated 
Swamp Scrub and P. mrstra/i.s-dominated Reed communi¬ 
ties over the period 1962 to 2003. Error bars represent 95% 
confidence intervals. 


Historical changes in water extent, depth and salinity 

Dowd Morass was almost dry at the time of the 1964 
and 1973 photographs. Open water covered 12 % 
(182 ha) of the wetland in 1964 and 7 % (120 ha) in 


Fig. 3 (at left). Historical aerial photomosaics (1964-2003) of Dowd Morass, classified into four vegetation catego¬ 
ries: Swamp Scrub, Reed Community, Open Water and Other land-cover classes. Photomosaics are shown for (A) 1964, (B) 
1973, (C) 1982, (D) 1991, and (E) 2003. 
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1973 (Table 3). The near-permanent inundation that 
commenced in 1975 increased the extent of Open 
Water to about one-third of the total area (514 ha) in 
1982, although our estimate is likely to be conserva¬ 
tive because it was difficult to detect the presence of 
surface water underneath the canopy of vegetation. 
The ‘Other’ land-cover class was most affected by 
the 1975 inundation; the area covered by this vegeta¬ 
tion class decreased by 448 ha between 1973 and 
1982 (Table 3). After 1975, there was relatively little 
change (~ 1 %) in the total extent of Open Water at 
Dowd Morass (Table 3). 

Unfortunately, there is no quantitative informa¬ 
tion on water levels or salinities for Dowd Morass 
during the 1970s to 1990s that would allow relation¬ 
ships to be drawn between these long-term historical 
changes in vegetation and the presence or quality of 
surface water. Spot measurements of water depths, 
however, are available for the period 1992 to 2003 
from Parks Victoria and Waterwatch Victoria; these 
data suggest that, before the short-lived drawdown of 
1997-1998, the morass was inundated with water to a 
depth of about 0.2-0.6 m (Fig. 2A). Water levels have 
been maintained at about 0.3-0.8 m following the re¬ 
flooding in 1998. 

Some information is available also for water-col¬ 
umn salinities in the wetland. Episodic measurements 
indicate that salinities in Dowd Morass have fluctu¬ 
ated from < 1 to over 20 dS nr 1 (~ < 1 to 12 g L' 1 ) 
between 1992 and 2003 (Fig. 2B). Prior to 1998, sa¬ 
linities were generally below ~ 8 dS nr 1 except for a 
short period in 1995. After the drying trial of 1997- 
1998, however, the average salinity has not only in¬ 
creased but has become more variable. There is some 
evidence also for spatial differences in salinity re¬ 
gimes in different sections of the morass, with Area E 
tending to have highest salinities and Area A the low¬ 
est (Fig. 2B). This pattern may rcftcct the influence of 
saline intrusions from Lake Wellington extending 
into Areas E, D and C but exerting little effect in 
Areas A and B, which are relatively isolated by the 
large north-south levee that passes through the centre 
of the wetland (Fig. I). 

Vegetation changes in rookery (Area B) 

The condition of Swamp Scrub in Area B is particu¬ 
larly important to regional natural-resource manag¬ 
ers because M. ericifolia vegetation provides the 
roosting and nesting habitat for colonial-breeding 
water birds that provide much of the basis for the 



Year 

Fig. 5. Cumulative change in the cover of M. ericifolia- 
dominated Swamp Scrub across the entire area of Dowd 
Morass (-1500 ha; solid bars) in comparison with changes 
in the rookery area (Area B, — 110 ha; open bars), expressed 
as a percentage of Swamp Scrub extent in 1964. Error bars 
represent 95% confidence intervals. 

Ramsar listing of the site. Area B is also a deeper 
part of Dowd Morass; water levels in this section 
have fluctuated between about 0.5 and 0.7 m over the 
period 1992-2003 (Fig. 2A). 

Historical changes in Swamp Scrub communi¬ 
ties in Area 13 did not follow the general patterns ob¬ 
served for other sections of the morass. The area of 
Swamp Scrub in Area B increased by 33 % between 
1973 and 1982, roughly twice the ~ 16 % increase in 
extent of this vegetation class measured across the 
entire wetland over this period (cf Fig. 4 & Fig. 5). 
Following this initial increase in area, there was no 
delectable change in the extent of Swamp Scrub in 
Area B between 1982 and 2003; in contrast the area 
of Swamp Scrub across the entire wetland increased 
by -75 % over this period. There was no evidence of 
M. ericifolia regeneration in Area B between 1964 
and 2003, and gaps began to appear in the canopy of 
Swamp Scrub in the rookery between 1991 and 2003 
(Fig. 3A-E). This pattern of an initial increase in the 
cover of Swamp Scrub followed by an increase in the 
number of gaps was, however, evident also in the 
central population of Swamp Scrub (Fig. 3A-E). 

DISCUSSION 

Long-term changes in vegetation communities 

The first aim of this project was to determine whether 
there had been long-term changes in the relative 
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distributions of M. ericifolia and P. australis in Dowd 
Morass and whether any changes were consistent 
with the predictions made by E.C.F. Bird in the 
1960s. Analysis of the suite of historical aerial pho¬ 
tographs available for Dowd Morass showed that 
there had been substantial changes to vegetation 
communities in the wetland from 1964 to 2003. Over 
this 39 year period, the area of M. ericifolia-Aom\- 
nated Swamp Scrub increased by 251 ha, whereas 
the area of P. a;/.v/ra//.v-dominated Reed community 
decreased by 127 ha (Table 3). In 2003, Swamp 
Scrub covered 599 ha or about one-third of the wet¬ 
land; the Reed community had contracted by nearly 
30 % of its original cover and covered 358 hectares, 
or about one-fifth of the wetland. As predicted by E. 
C.F. Bird, M. en'c//b/ia-dpminated Swamp Scrub had 
preferentially invaded and replaced the P. australis- 
dominated Reed community. Interestingly, there are 
some other recent reports on the invasion of wetlands 
by woody vegetation, notably that of Sharp and Bow¬ 
man (2004), w'ho found that Melaleuca minutifolia F. 
Muell. was responsible for extensive vegetation 
changes in seasonally inundated lowlands in the Vic¬ 
toria River district of northern Australia since the 
end of the 1940s. 

Were vegetation changes induced by chronic 
salinization? 

Part of the second aim of our study was to explore 
whether chronic secondary salinization could explain 
the floristic shifts that occurred in Dowd Morass. For 
the salinity-mediated explanation of E.C.F. Bird to 
hold, at least two conditions must be met: a) that sa¬ 
linities have increased significantly in the Gippsland 
Lakes (and in its associated wetlands) since the open¬ 
ing to the Southern Ocean in 1889; and b) that 
A/, ericifolia is more salt-tolerant than P. australis. 

Although it is reasonable to assume, and there is 
some good theoretical and oral-history evidence to 
suggest the progressive salinization of the Gipps¬ 
land Lakes since the end of the 19 th Century (e.g., 
see Bird 1993; Ellis & Lee 2002; Harris et al. 1998) 
including support from recent palaeobotanical stud¬ 
ies (Saunders et al. 2008), there is surprisingly little 
empirical evidence to support this contention (Long- 
more 1989; Mobley et al. 1983). A large part of the 
problem is that monitoring data for the Gippsland 
Lakes started to be collected only after the late 
1950s (Longmore 1989; Mobley ct al. 1983) and, al¬ 
though ecological changes may take centuries to 


manifest (Harris et al. 1998), considerable impacts 
may have occurred within the first decades after the 
opening of the artificial entrance in 1889. The em¬ 
pirical analysis of water-quality data from 1957 to 
1978 by Mobley ct al. (1983) and the modeling 
study by Grayson (2006) for the period 1957 to 1997 
do not provide strong evidence for a routine trend in 
salinity in Lake Wellington. Nevertheless, it is clear 
that salinities are higher in Lake Wellington during 
sustained dry periods and during droughts such as 
occurred in 1967-68, 1972-73 and 1982-83, exten¬ 
sive losses of P. australis have occurred with little 
evidence of recovery having taken place during in¬ 
tervening wetter periods (Bird 1986: sec also Sjerp 
ct al. 2002). 

The second assumption of the salinity-mediated 
explanation relates to the relative salt sensitivity of 
M. ericifolia and P. australis. The most recent review 
of the salt sensitivity of the Australian freshwater 
biota (Bailey et al. 2002) indicates that P australis 
can be found in environments with salinities from 
2.8-12 g L 1 , with dieback reported at around 12-15 g 
L 1 . Sjerp ct al. (2002) argued that the salinity toler¬ 
ance of P. australis was in the range of 10-17 g L 1 , 
but that plants could sustain repeated inundation by 
more salty water if their roots had permanent access 
to fresh water, such as a shallow groundwater lens. 
By way of comparison, Ladiges et al. (1981) reported 
that the germination of M. ericifolia seeds was com¬ 
pletely inhibited at salinities of about 14 g L 1 , and 
that a population of Swamp Paperbark which natu¬ 
rally occurred adjacent to a coastal saltmarsh in 
southern Victoria was inhibited by salinities of 6-12 
g LV More recent information on the salt sensitivity 
of seed germination and the establishment of young 
M. ericifolia seedlings (Robinson et al. 2006; Salter 
el al. 2007) broadly confirms the results of Ladiges 
ct al. (1981). 

A complicating factor is that ecological studies 
commonly report salinity in derived units of g L' 1 
rather than directly in conductivity units of dS nr 1 . 
A salinity of 1 g L' 1 is approximately equal to a 
conductivity of 1.6 dS nr 1 at 25°C. The relationship 
between electrical conductivity and the concentration 
of total dissolved solids, however, varies with ionic 
composition and temperature, and is not linear at very 
high salinities: see Williams and Sherwood (1994). It 
is often forgotten also that the instrumental conver¬ 
sion from conductivity to salinity units assumes the 
sample has an ionic composition that approximates 
that of seawater. This assumption of NaCl-dominance 
holds for most, but not all, inland waters in Australia 
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(see Williams 1967) and undoubtedly holds for 
marine-influenced water such as those of the Gipps- 
land Lakes. 

The interim conclusion we reach from the availa¬ 
ble literature is that the salinity tolerance of P. aus¬ 
tralis seems to broadly overlap with that of M. 
ericifolia. There is certainly no strong indication that 
the former species is markedly more salt-sensitive 
than the latter. Clearly, much additional research is 
required to determine the relative salt sensitivity of 
the two species. This is likely to be a complex under¬ 
taking, as it has been shown that there are strong ge¬ 
netic variations in the salt sensitivity of different P. 
australis populations, according to whether the plants 
are octoploid. hcxaploid or the more common tetra- 
ploid (Hanganu et al. 1999). Moreover, both M. 
ericifolia and P. australis are extensively clonal and 
studies on the salt sensitivity of sexual recruitment 
may be inappropriate to assessing the long-term per¬ 
formance of adult genets that reproduce sexually 
only rarely and spread instead by asexual means. 

Our study shows that, while there has been an 
unmistakable replacement of P. atmrafo-dominated 
Reed communities by M. ericifolia- dominated 
Swamp Scrub communities in Dowd Morass consist¬ 
ent with the predictions of E.C.F. Bird, the shift in 
dominant vegetation is unlikely to be explained 
solely in terms of a chronic increase in salinity in the 
Gippsland Lakes. First there is little quantitative evi¬ 
dence for a long-term increase in salinity since the 
artificial opening was created in 1889, even if the 
process seems highly likely. Salinities in Lake Wel¬ 
lington do not seem to have increased uniformly 
since the late 1950s, although they have certainly 
varied greatly over this period according to the inci¬ 
dence of drought and flood. Most critically, there is 
no evidence that M. ericifolia is demonstrably more 
salt tolerant than P. australis, and experiments need 
to be undertaken on plants collected from the Gipps¬ 
land Lakes to make such a comparison. 

A range of other factors have probably contrib¬ 
uted, perhaps synergistically, to the wetland becom¬ 
ing progressively dominated by M. ericifolia. In 
particular, natural patterns of wetting and drying in 
Dowd Morass have been altered markedly by the cre¬ 
ation of the internal levees in 1973 and the subse¬ 
quent maintenance of artificially high water levels 
since 1975. As argued below, these hydrological 
changes are likely to have significant impacts on 
vegetation in the wetland and may have reinforced or 
even counteracted some of the changes caused by 
any systematic and long-term increase in salinity. 


Importance of altered hydrology and 
microtopographical relief in Dowd Morass 

It is well known that the stabilization of water regimes 
in wetlands that previously experienced fluctuating 
water levels will profoundly affect the floristics and 
structure of wetland plant communities (Middleton 
1999). Although a few species of wetland tree spe¬ 
cies, such as Bald Cypress (Taxodium distichum (L.) 
Rich. var. distichum) and Swamp Tupelo (Nvssa syl- 
vatica var. hiflora (VV'alt.) Sarg.), can withstand near- 
permanent inundation (Angelov et al. 1996; Keeley 
1979; Kozlowski 1997), most woody wetland plants 
arc killed by prolonged flooding (Kozlowski 1997; 
Wilcox 2004). Moreover, even where the persistence 
of adults of woody wetland plant species is dependent 
on periodic inundation, successful germination and 
establishment from seed almost always requires a 
draw down of water levels (Middleton 1999). The 
near-permanent inundation of Dowd Morass should 
have had serious negative impacts on M. ericifolia- 
dominated Swamp Scrub communities. Although 
mature individuals of a range of Melaleuca species 
possess morphological and physiological adaptations 
to enable them to persist during short periods of 
flooding, including the production of root aeren- 
chyma and adventitious roots (Bird 1962; Denton & 
Ganf 1994; Ladiges et al. 1981), they are largely in¬ 
tolerant of permanent inundation. Similarly, sexual 
recruitment from seed in M. ericifolia takes place 
only under a highly restricted set of environmental 
conditions, including low-salinity, moist (not flooded 
or dry) sediments, preferably in darkness and with 
minimal post-germination disturbance (Ladiges et al. 
1981; Robinson et al. 2006; Salter et al. 2007). 

The three decades of near-permanent inundation 
in Dowd Morass since 1975 should have resulted in 
large-scale mortality of adult M. ericifolia trees and 
prohibited their sexual regeneration in permanently 
flooded areas, leading to a marked decline in the ex¬ 
tent and condition of the Swamp Scrub community 
across the wetland as a whole. In contrast to these 
predictions based on the known life history traits of 
M. ericifolia. the extent of Swamp Scrub communi¬ 
ties increased by 72 % over the 39 year period for 
which good aerial photographs were available, and a 
successional pathway from P australis to M. ericifo¬ 
lia proceeded despite the increased water levels. The 
question arises as to why this expansion might have 
occurred. 

Like many other wetland plants, M. ericifolia is 
capable of clonal growth and adult trees produce an 
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extensive network of root suckers. The process by 
which M. ericifolia progressively dominated the veg¬ 
etation of Dowd Morass is probably related strongly 
to asexual (clonal) reproduction, supplemented by 
the availability of elevated niicrotopographic niches 
in the wetland where sexual recruitment could take 
place successfully. Close examination of the aerial 
photographs revealed that Swamp Scrub preferen¬ 
tially invaded and replaced the Reed community in 
two main ways: i) clonal expansion of M. ericifolia 
along the perimeter of existing populations in the 
eastern and central regions of the morass; and ii) sex¬ 
ual recruitment of M. ericifolia seedlings and subse¬ 
quent establishment in the northern region of the 
Reed community. These two invasion pathways arc, 
in turn, indicative of the two different mechanisms 
by which M. ericifolia seems to have invaded and re¬ 
placed P. australis: i) an ‘encroachment succession’ 
pathway (sensu Bird 1961, 1962) in which the clonal 
growth of mature M. ericifolia allowed the system¬ 
atic displacement of P. australis populations along a 
broad front; and ii) an ‘invasion succession’ pathway, 
in which individual M. ericifolia seedlings estab¬ 
lished within existing populations of P. australis 
(Harper 1977). 

In both pathways, slight variations in micro¬ 
topography would be responsible for the ability of M. 
ericifolia to maintain itself and even expand its cov¬ 
erage in spite of seemingly adverse hydrological and 
water-quality conditions. Clonal spread would allow 
existing M. ericifolia trees to support an extensive 
array of suckers in areas that were slightly elevated 
above the water level. In the case of sexual reproduc¬ 
tion via seed, germination and seedling establish¬ 
ment would take place mostly in elevated zones of 
the wetland that experienced fluctuating water levels, 
where periodic water stress would release aerial-held 
seed from capsules, and rainfall or rare over-bank 
flows would reduce salinities in the substrata to allow 
seeds to germinate. Sources of slight variations in 
microtopographical relief include hummocks around 
existing M. ericifolia trees, as well as mounds around 
other wetland plants, including P. australis. In un¬ 
published observations, we have found that mature 
A7. ericifolia trees in the rookery (Area B) occurred 
almost entirely on raised (5-91 cm), wide (40-200 
cm) mounds consisting of sediment, partly decom¬ 
posed plant litter, bird guano and plant roots 
(Hawkins 2004). 

Raised sites may confer a number of advantages 
to aquatic plants in anoxic or deeply flooded envi¬ 
ronments (Cramer & Hobbs 2002; Rothwell et al. 


1993; Schaible & Dickson 1990) since they contain 
aerated soil above the surface water and provide ac¬ 
cess to different moisture regimes as the water level 
fluctuates. In an earlier paper (Raulings et al. 2007) 
we reported that M. ericifolia seedlings were mark¬ 
edly more successful when planted on raised hum¬ 
mocks than in surrounding waterlogged areas of 
Dowd Morass; this result is consistent with other 
studies showing the importance of microtopography 
in wetland function (Bruland & Richardson 2005). 

Even though M. ericifolia was clearly able to 
maintain itself and indeed spread throughout much 
of Dowd Morass at the expense of P. australis-Aom\- 
nated Reed communities, there was evidence that the 
Swamp Scrub community was decreasing in condi¬ 
tion in the most deeply flooded regions associated 
with the rookery of colonially breeding waterbirds. 
In Area B, for example, there was an initial increase 
in area of the Swamp Scrub community between 
1973 and 1982, followed by a long period of stasis 
and, in the most recent images, evidence of vegeta¬ 
tion collapse with gaps appearing in the canopy. The 
area and condition of M. ericifolia thus appears to 
have declined recently in the rookery area of Dowd 
Morass, while Swamp Scrub in other areas of the 
wetland has expanded. At this stage it is impossible 
to unravel the relative impact on M. ericifolia of per¬ 
manent deep water from the possible impacts that 
arise from roosting birds, such as the destruction of 
plants by ibis for nest material, extreme nutrient en¬ 
richment from guano inputs, or even the removal of 
plant herbivores by feeding ibis. 

t 

CONCLUSIONS 

Although the effects of altered water regimes on indi¬ 
vidual woody plant species and short-term succes- 
sional changes in wetlands have been well studied 
across the world (e.g., McDonald 2001; Odland & 
Del Moral 2002; Visser& Sasser 1995; Wilcox 2004), 
relatively few studies have reported on the conse¬ 
quences of secondary salinization and altered water 
regimes on wetland vegetation over time frames that 
span several decades (e.g., Atkinson et al. 2005; 
Townsend 2001; Wilcox 2004). Our study, therefore, 
breaks new ground in describing long-term changes 
in the vegetation of a high-value Australian wetland 
using objective photographic analyses of plant distri¬ 
butions and extents. The results are of interest not 
only because they tested the hypotheses raised in the 
1960s by E.C.E Bird as to the likely successional 
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pathways of plant communities in the Gippsland 
Lakes, but also because they provide information 
critical to fulfilling international obligations for 
Ramsar-listed wetlands in Australia, especially the 
description of changes to ‘ecological character’. 

We have demonstrated that, in at least one large 
and important wetland of the Gippsland Lakes, Com¬ 
mon Reed communities have become replaced by 
Swamp Paperbark vegetation, as was predicted to 
occur by E.C.F. Bird over 40 years ago for the Gipps¬ 
land Lakes in general. At least in this one wetland, 
however, it does not seem that a chronic and system¬ 
atic increase in salinity was the cause of the vegeta¬ 
tion shift; instead, microtopographica! relief seems 
to have played a major role in allowing the expansion 
of clonal woody vegetation in the face of a seem¬ 
ingly inappropriate hydrological regime. Whether 
these vegetation patterns are occurring in other areas 
of the Gippsland Lakes remains to be demonstrated. 
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A.D.N. Haiti (1895-1982) had two careers. One was with the Nigerian Geological Survey (1920- 
1939) when he made notable contributions to our knowledge of that country, and particularly its tin and 
other mineral resources. After a period in retirement (1940-1947) lie was appointed to a largely adminis¬ 
trative post with the Geological Survey of Victoria (1948-1959). But it was as a result of his Nigerian field 
experiences that in 1923 he published a short and significant, but neglected, paper concerning the origin 
of inselbcrg massifs and some of the minor forms developed on them. In particular lie noted the signifi¬ 
cance of fractures in determining the course of weathering and hence of erosion. He also appreciated the 
significance of spatial inequalities in rates of weathering and erosion in apparently homogenous structural 
settings, and their impact on the development of Iandforms. 

Key words: Nigeria, granite, inselberg, fracture, sheet structure, unequal activity. 

There are no new truths, but only truths that have not been recognised by those who have perceived 
them without noticing (McCarthy 1962: 155). 


ALEXANDER DAVID NEIL BAIN was a geologist 
who worked for the geological surveys of Nigeria 
and then Victoria, but who by virtue of a single paper 
published early in his career became a player in the 
study of inselbergs, or as Bain had it inselberge. 

Inselberg landscapes are inherently contradictory 
and therefore invite contemplation on the part of 
earth scientists: why do the compartments, or large 
masses of rock defined by fractures on which they 
are developed, stand in relief? Have they been thrust 
up by earth movements or have they somehow with¬ 
stood the ravages of weathering and erosion while 
those all around have been worn down? To some this 
contrast is metaphysical (Van der Post 1958: 182- 
183) but most field geologists of Bain’s vintage de¬ 
veloped an eye for country and sought an explanation 
in reason. It is little wonder that though not his pri¬ 
mary concern, the origin of such landscapes stimu¬ 
lated his imagination and caused him to put pen to 
paper. 

Bain's 1923 paper is like the curate’s egg, being 
good in parts, but flawed in others. Some of his 
wording, assumptions and conclusions reflect the 
conventional thinking of the time and can now be 
seen as questionable or in error. Yet he records obser¬ 
vations that ought to have been noted and which, 
taken together with others previously published, 
could have been used to articulate concepts that bear 


significantly on general geomorphological theory 
much earlier than they in fact were. 

BIOGRAPHICAL NOTES 

Bain was born at Gateshead on Tyneside in 1895, but 
his family had strong Scottish connections, particularly 
with the Wick area of Caithness (Anon. [S.T.] 1983). 
After school, where he met his future wife Rena. Bain 
tried many times to enlist for military sendee in the 
First World War but each time was rejected because of 
poor eyesight. Instead he enrolled in the University 
of Durham and took a science degree at the then 
Armstrong College, Newcastle-upon-Tyne, majoring 
in Chemistry and Geology. He graduated in 1918 and 
was appointed Demonstrator in Geology. In between 
his teaching duties lie worked on the chemical precipi¬ 
tation of dolomite, the age of the lavas exposed in the 
Great Fell inlier (using interbedded graptolitic shales), 
and other Lake District problems. He presented his re¬ 
sults fora Master of Science degree in 1922 but mean¬ 
time had been appointed to the then newly established 
Geological Survey of Nigeria at the princely sum of 
£600 per annum, under the direction of Dr John 
Downic Falconer (see Twidale 2008). 

Bain worked mostly in southwestern Nigeria and 
in Hausaland (Fig. 1) but he was an inveterate 
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explorer and his geological travels took him all over 
the Protectorate. He was mainly involved in eco¬ 
nomic matters, searching at various times and in var¬ 
ious districts for minerals, particularly tin, but also 
water, coal, and eventually oil (e.g. Bain 1924; Wil¬ 
son & Bain 1928; Turner 1978). He also participated 
in general engineering surveys (e.g. Wilson & Bain 
1925). But tin surveys loomed large and he published 
several reports on the tinfields in some instances as 



Fig. 1 The youthful David Bain fitted out for the 
Nigerian bush. 


sole author (e.g. Bain 1926), others jointly (e.g. Fal¬ 
coner & Raeburn 1923; Raeburn ct al. 1927). In 
1929 (W. Clegg, citing University of Newcastle- 
upon-Tyne records, pers. comm. 2007) Bain was 
awarded a Doctor of Science degree from his alma 
mater for his published work on the Nigerian tin¬ 
bearing granites. 

In 1926 he married Rena and she joined him in 
Nigeria in 1930. Although they established a home 
in Kaduna, central Nigeria, she accompanied her 
husband on many of his field trips, camping, or stay¬ 
ing in rest houses. Travelling on horseback with Bain 
and his customary two assistants, the locals referred 
to her as ‘the white woman with three husbands’ 
(Turner 1978: 80; Anon. [S.T.] 1983: 22). The Bains 
were not blessed with children but adopted a son, 
Angus. 

I.atc in life Bain wrote two accounts of his time 
in Nigeria (Bain 1978. 1981), the first and shorter 
paper being a more detailed version of the introduc¬ 
tion to the longer monograph. Spine pads, puttees 
and quinine were still in order and working condi¬ 
tions and methods also were simple and elementary. 
Travel was on horseback (which habit prevailed until 
the mid and late ‘fifties: Dr Joyce Lowe pers. comm. 
January 2008), and later on bicycles (of the folding 
variety then recently developed in France). There 
were no accurate topographic maps, save of limited 
special areas and formline maps produced by the 
field worker himself, like Bain’s 1934 map of the 
domical Dutsen Atnboro (‘Dutsen’ being Hausa for 
‘hill of’). Bain favoured the perambulator for meas¬ 
uring distances travelled on foot. Air photographs 
were known and had been used for scientific pur¬ 
poses prior to the First World War. C.T. Madigan pio¬ 
neered their use at the regional scale in central 
Australia in the late ‘twenties and early ‘thirties (see 
e.g. Twidale et al. 1990). But they were not widely 
available until after the Second global conflict. 

As was made clear in Falconer’s (1911a) trave¬ 
logue. the geologists of the day working in the colo¬ 
nies and protectorates were expected to take on many 
other responsibilities, including routine engineering, 
first aid and accounting. Bain was no exception. He 
gained the native Nigerians’ confidence through his 
medical skills and they came to him for treatment for 
whatever ailed them. Tropical fungal diseases affect¬ 
ing extremities such as the toes and fingers were par¬ 
ticularly prevalent in the area in which he worked. 
When necessary, armed only with Blacks Medical 
Dictionary and a first-aid kit, and at times assisted 
by his wife, he performed a series of surgical proce- 
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dures, including (presumably minor) amputations. 
Bain was impressed by, and often commented on, the 
stoicism of his patients. 

Yet in the midst of his manifold duties, and over¬ 
seeing the health and well-being of his team in the 
field, Bain found time for indulging his wider curios¬ 
ity, as when he thought he noticed a growth movement 
in a corn plant and decided to check by measuring a 
particular leaf at intervals. He established that it in¬ 
creased in length by 2.5 inches (63.5 mm) in six hours. 
He made many interesting comments on the native 
peoples and their way of life, and as a keen and skilled 
photographer illustrated everyday scenes as well as 
geological features. In his memoirs he dealt in some 
detail with the general way of camp life and his meth¬ 
ods of survey, and he also devoted several pages to his 
search for coal, lead, oil and water. 

Though in need of editing (e.g. multiple spell¬ 
ings of‘porphyry' - and ‘porphyritic’, a caption that is 
incompatible with its photograph, tautologies such 
as ‘joint crack - ), the personal reminiscences provide 
a readable and fascinating picture of field work in a 
tropical environment in the ‘twenties and ‘thirties of 
the last century. One suspects that the difficulties 
Bain routinely encountered are understated. There 
are also curious omissions. Rena evidently spent 


most of the ‘thirties with her husband in Nigeria, yet 
is mentioned only twice, and then in passing, as as¬ 
sisting with the first-aid treatment of injured work¬ 
ers. Similarly, the various Survey colleagues with 
whom Bain worked, and the district officers and 
other officials he encountered on his travels, arc 
mentioned only incidentally, usually by initial only, 
and with little or no information as to their back¬ 
grounds, characters and personalities. The Director 
of the Survey through much of Bain s lengthy period 
of service was Dr Falconer, who was always referred 
to in this formal, and no doubt properly respectful 
manner, which was doubtless accepted practice at 
that time. 

The high regard in which Bain and his wife were 
held by the Nigerians with whom they came into 
contact is clear in an address presented to Bain by his 
African staff at the time of their retirement in Sep¬ 
tember 1939 (Fig. 2). Bain judged people as he found 
them. He was approachable, responsible and com¬ 
passionate in his dealings with them and there was 
no hint of condescension in his treatment of his Afri¬ 
can colleagues. He was the cpitomy of a gentleman, 
one who upheld the principles of fair play and justice 
(see copy of this address reproduced in Bain 1981: 
67). 



Fig. 2 Group photo on the occasion of African colleagues’ farewell to the Bains, September 1939. Mrs Bain (Rena) 
seated at centre front flanked by Dr David Bain on her left and Dr Maurice Tattam on her right. 
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The Bains retired and returned to England early 
in 1940 (the outbreak of the Second World War 
caused delays in obtaining passage home) to a farm 
in Westmoreland. In 1947, however, and through the 
good offices of Dr Maurice Tattam, a former col¬ 
league (e.g. Raeburn & Tattam 1930; see also Fig. 2), 
one-time Assistant Director of the Nigerian Survey 
and later Professor of Geology in the University of 
Melbourne, Bain was invited to apply for the post of 
Assistant Chief Geologist of the Geological Survey 
of Victoria. He accepted, was appointed and arrived 
to take up his position in 1948. He later became As¬ 
sistant Director. Again he worked in the mineral ex¬ 
ploration area, producing reports on groundwater, 
salt, limestone and base metal occurrences in the 
State (e.g. Bain 1949, 1950, 1958). But inevitably, 
given the nature of his appointment, he was heavily 
and increasingly involved in administrative matters, 
being the Survey's representative on several impor¬ 
tant Government committees, editing reports, taking 
over when the Director was absent, and so on. His 
main contribution at this time, however, was infor¬ 
mal, for he became an adviser and mentor to junior 
staff, a father-figure who was a consistent source of 
wise counsel, equanimity and good humour to many 
young Survey geologists in an environment in which 
tensions tended to arise as a result of personality 
problems. 

Indifferent health brought early retirement in 
1959. In the obituary notice (Anon. [S.T.] 1983) ref¬ 
erence was made to recurring minor chest problems, 
which led to Bain being nicknamed 'Old Chesty’. 
This condition was attributed to his having been a 
smoker, but if so he had abandoned the habit by mid 
1950. Bain retired first to Mt Eliza on the Morning- 
ton Peninsula, then, in 1966, back to the United 
Kingdom and eventually to Tyneside (Fig. 3), in 



Fig. 3 Home again: the Bains in 1979. 


order to be near family. He and his wife returned to 
their roots. Bain died of Parkinson s Disease, aged 
87 years, during a visit to his beloved Wick area in 
1982. 


BAIN AND INSELBERGE 

Bain was a man of his time and though in his ac¬ 
counts of life in Nigeria he was mainly concerned 
with generalities and his Survey duties, he also noted 
landscape features that seemed to him anomalous or 
spectacular (Fig. 4). Thus he discussed a curious loop 
in the Ogun River which he attributed to river capture 
(Bain 1981: 13). He photographed huge gullies con¬ 
sequent on land clearance (Bain 1981: following 34). 
Bain’s interest in the petrology of granite led to a for¬ 
mal paper notable for its detailed mapping, mineral 
and chemical analyses, as well as astute synthesis 
(Bain 1934). It was written before the days of S and I 
granites and other modern petrological concepts, but 
he was the first to record the occurrence of fayalite 
(iron-rich olivine) in the Nigerian granites. This was 
noteworthy at the time and contributed to the contro¬ 
versy concerning the origin of granites (e.g. Read 
1957; Pitcher 1987). Yet though he mentioned his 
work on granite and insclbergs to his Victorian col¬ 
leagues, he does not allude in any way to his 1923 
and 1934 papers in his monograph. It is as though his 
earlier interest had been expunged from his mind. So, 
what was it about the 1923 paper that makes it of sig¬ 
nificance more than eight decades later? 

Any geologist or geomorphologist working in 
Nigeria could not help but become familiar with in- 
selberg landscapes. Even in the tropical forests they 
were notable landmarks and viewing stations. Thus 
Philip Allison, a Forest Officer who served in the 
‘thirties and ‘forties, noted ‘rocky hills sticking up 
out of the forests, insulbergs [sic], with bare rounded 
rocks sticking above the two hundred foot tops of the 
trees’(quoted in Allen 1979; 81). But it is in the semi- 
arid north, in Hausaland and adjacent distriets, that 
granitic inselberg landscapes can be seen at their 
most impressive. It was on these areas that Falconer 
based his seminal contributions (Falconer 1911b) 
and here, around Shan and Lemmi, in the Bauchi- 
Jos-Kano region, that Bain made his critical observa¬ 
tions. Later, such British geomorphologists as Pugh 
(1956), and especially Thomas (1965, 1966, 1994), 
discussed various aspects of the forms from the more 
humid southern regions as well as the north. But so 
spectacular and incongruous are inselberg land- 
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Fig. 4 Typical inselberg landscape, northern Nigeria. 

scapes that Bain could not resist the challenge posed 
by the landscapes through which he travelled. For 
good reason he was occasionally referred to in the 
Victorian Survey as ‘Bain of the insclbcrgs’: an ex¬ 
ample of joshing fondly intended and well merited, 
for he made valuable observations concerning the or¬ 
igin of the forms. 

He claimed that the development of Inselberge 
(Bain consistently used the German plural but with¬ 
out italics) was favoured by what he termed the 
‘Sudan’ type climate, i.e. warm with marked wet and 
dry seasons. Like his contemporaries (e.g. Falconer 
191 lb) he used ‘Sudan’ not in the sense of the mod¬ 
ern state which dates only from 1956, but in its origi¬ 
nal sense of ‘the land of the blacks’, a broad zone 
extending from the Atlantic to the Red and Arabian 
seas between the southern margin of the Sahara 
Desert and the equatorial forest. In relating insel- 
bergs to a semi-humid climatic regime, Bain differed 
from those like Passargc (1895, 1904a, b, c) who 
considered inselbergs to be desert forms but in a 
general sense was at one with Bornhardt (1900), Fal¬ 
coner (191 lb) and Thiele and Wilson (1915) who ad¬ 
vocated formation by alternations of water-driven 
weathering and erosion (e.g. Falconer 1911b: 246). 

Like Raeburn before him (1926: 11-12; see also 
Twidale 1981), Bain recognised two morphological 
types of inselbergs in Nigeria: the domical forms 
(the bornhardts of Willis 1934) developed on por- 
phyritic granite, the irregular forms, typically block- 
strewn, the nubbins or knolls of later workers, and in 


northern Nigeria developed in gneiss. The latter are 
characterised by steep rock faces presumably as a re¬ 
sult of the exploitation of vertical fractures. Bain ob¬ 
served that pegmatite weathers more rapidly than 
gneiss (see also Brook 1978); which is a question¬ 
able generalisation, for susceptibility depends more 
on any possible buttressing like that described by 
Raeburn (1926: 12) and, more particularly, on the 
density of open fractures, than on composition per 
se. And indeed, Bain, like Mentiell (1904) for exam¬ 
ple, emphasised the control exercised by fractures on 
weathering patterns and drainage lines. 

From this arose his most important acknow¬ 
ledged contribution to the inselberg problem (e.g. 
Thomas 1965, 1966) for he noted (Bain 1923: 98) 
that in the Bauchi area there arc no detached inscl- 
bergs but rather ‘long bare ridges having all the char¬ 
acteristics of inselberge...’, but ‘separated by deep, 
straight, and almost vertical-walled valleys, the posi¬ 
tions of which are determined by major joints.’ Later, 
he reinforced this conclusion, noting that the turrets 
that form the Kir inselbergs are each ‘separated by a 
major joint’ (Bain 1926: caption of Plate III. fig. 3); 
and describing the Kudaru Hills, he stated that they 
consist of ‘bare massive ridges of solid granite.. .sep¬ 
arated by major joint cracks determining the main 
drainage lines’ (Bain 1934: 203; see also 1927: 39). 
He observed that surface pools and streams become 
charged with organic acids and surmised that pro¬ 
longed chemical action by such waters exploited 
cross-joints resulting in deep gorge-like valleys and 
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bare, adjacent but separate, steep-sided hills (Bain 
1923: 99). In passing it may be noted that the effi¬ 
cacy of waters charged with biota and chemicals in 
effecting weathering was noted with respect to the 
Karstinselberge of Malaysia at about the same time 
by Newsom (cited in Scrivenor 1928: 189, 1931: 
123; see also Paton 1964; Twidale 2006a). 

In the plates that are included in the paper, Bain 
provided illustrations of stages in the separation of 
compartments by the widening of the fractures be¬ 
tween them: convincing evidence of a concept that is 
relevant to the evolution of other inselberg massifs 
such as the granitic Kamiesberge uplands of 
Namaqualand as well as to the Gawlcr Ranges of 
South Australia, shaped in Mesoproterozoic silicic 
volcanic rocks (Campbell & Twidale 1991). 

But again like Mennell (1904), Bain thought in 
terms of the subaerial or cpigene exploitation of 
fractures rather than deep subsurface weathering by 
waters charged with biota and chemicals which pen¬ 
etrated along partings, and effected differential alter¬ 
ation, as advocated by such workers as Falconer 
(1911a: 246, and later by Twidale 1964; Thomas 
1966; see also Twidale & Vidal Romani 2005). The 
process had much earlier been recognised in respect 
of the smaller corestone boulders (Hassenfratz 1791; 
MacCulloch 1814; de la Beche 1839: 450; Twidale 
2006b). But Bain failed to envisage the possibility of 
differential deep subsurface weathering, as indeed 
did many others (c.g. Holmes 1944: 76, fig. 62). This 
omission is unexpected, for Bain had noted, with 
some surprise, the occurrence of rock basins which 
he linked to running water, yet were located on and 
near the crests of some granite inselbergs (Bain 
1981: 17). Had Bain realised that many such basins 
are initiated at the weathering front, at the base of the 
regolith (Logan 1851; Mabbutt 1961), he may at 
least have considered whether the host inselberg also 
could have originated in the subsurface, as suggested 
by his colleague, Falconer (1911b: 246). 

Bain also recorded the presence of horizontal or 
gently dipping fractures, that define more-or-less 
massive slabs of rock, and which he attributed to ex¬ 
foliation (c.g. Bain 1923: 99). Unfortunately the 
word 'exfoliation' has been used of flakes and lami¬ 
nae no more than a millimetre thick, of spall plates 
of the order of 10 cm thickness, and slabs several 
metres thick. Thus it has become meaningless and is 
best avoided. At the time such thick arcuate slabs of 
rock were widely considered to be caused by ero- 
sional offloading (Gilbert 1904): hence the ‘offload¬ 
ing joints’ that defined them. Though Bain later came 


to this point of view, referring to such partings as 
pressure joint cracks (Bain 1934: 211), he initially 
followed such authors as Shaler (1869) and MacMa- 
hon (1893) and attributed the thick slabs to alterna¬ 
tions of diurnal heating and cooling (Bain 1923: 99). 
This is unlikely if only because these slabs, which 
have been given various names (sec c.g. Twidale et 
al. 1996) but which arc here termed sheet structures, 
extend to depths of at least 100 m, far beyond the 
reach of either diurnal or seasonal temperature 
changes. 

However, though decrease in lithostatic pressure 
may cause relaxation at the crystal scale, as advo¬ 
cated by Bain’s American namesake (Bain 1931), 
pressure release as applied to sheet structure is 
equally improbable. ‘Offloading joints’ arc neither 
caused by offloading nor are they joints. They are 
preferably termed sheet fractures and appear to be 
small displacement faults associated with tectonic 
stress (Merrill 1897; Dale 1923; Twidale etal. 1996). 
That the Nigerian sheets noted by Bain are of tec¬ 
tonic origin is suggested in his Plate II, fig. 2, of his 
1923 paper. In it is depicted a massive sheet, with an 
extruded slab and a triangular wedge associated with 
the dislocated basal parting (cf. Twidale & Sved 
1978; Wallach et al. 1993; Twidale et al. 1996). 

But Bain noted that the slabs disintegrate and 
slide off mid slopes leaving remnants as cappings, 
and simultaneously causing the steepening of hill- 
slopes. He illustrated a bornhardt, the Dutsen Yuli, 
with a vertical and even overhanging slope on one 
flank caused by the detachment of sheet structure 
(Bain’s ‘exfoliated mass’). It had fallen to the base of 
the bluff and buried the local chieftain’s compound; 
whether or not with loss of life was not stated (Bain 
1926, caption of Plate III, fig. 4). 

In addition to his concerns about the origin of 
major forms, Bain commented on minor features and 
events. He noted (Bain 1923: 99) that differential 
weathering takes place at the crystal scale with feld¬ 
spars and quartz crystals standing out on surfaces 
that are smooth in broad view but in detail are rough 
or ‘jagged and file-like'. This is the pitting noted by 
Scrivenor (1931: 137; see also Roe 1951; Twidale & 
Bourne 1976). 

Rock basins containing water and organic chem¬ 
icals are deepened faster than any erosion caused by 
waters overflowing from the depressions (Bain 1923: 
100). Some basins are deepened to such an extent 
that the host slabs are breached causing waters to 
pour through, to reappear lower on the slope along 
sheet fractures. The erstwhile basins arc converted to 
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cylindrical cavities (see Twidalc & Bourne 1978). 
Bain (1923: 99) also noted that hollows ‘due to slight 
surface irregularities and joint cracks soon become 
deepened by this means’ [water charged with organic 
matter] ‘while the bare rocks between weather by ex¬ 
foliation only’ implying contrasted rates of activity 
in the landscape. Such observations of unequal activ¬ 
ity were anticipated by Logan (1851) but their signif¬ 
icance was ignored and it was not until Bliss Knopf 
(1924), and Crickmay (1932, 1976) specifically 
commented that some parts of the landscape have 
been eroded much more rapidly than others nearby, 
that the concepts of unequal activity and, as a corol¬ 
lary, reinforcement and concatenation were articu¬ 
lated (Behrmann 1919; King 1970; Twidale et al. 
1974; Twidale 2007a). The concept applies at a vari¬ 
ety of scales, as for instance in explanation of the 
survival of ancient land surface remnants, or the ori¬ 
gin of such minor forms as rock levees, doughnuts, 
and fonts (Twidale 1993, 2007b; Twidale & Camp¬ 
bell 1998). 

CONCLUSION 

Several of Bain’s astute deductions were ahead of 
their time, but unfortunately were neglected for many 
years. It has been said that in the field of observation 
chance only favours those who arc prepared (Pasteur, 
according to Roscoe 1910-1911: 893). Bain’s mind 
was not attuned to the wider geomorphological liter¬ 
ature of his day, yet he was observant and possessed 
an innate intelligence that allowed him to draw per¬ 
ceptive inferences that were relevant not only to the 
origin of the landforms he observed but also to gen¬ 
eral principles of landscape evolution. He later over¬ 
looked his own work on granite landforms, suggesting 
that he did not fully appreciate the significance of his 
observations and of the conclusions he had drawn 
from them. Or perhaps he was inherently modest and 
did not ‘blow his own trumpet’. Whichever, ‘Bain of 
the inselbergs’ was a not inappropriate soubriquet. 
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INTRODUCTION 

THE GOAL of this paper is to examine the magni¬ 
tude and dynamics of natural variability in the South¬ 
ern Ocean and the overlying atmosphere. This 
included an analysis of how each of the major South¬ 
ern Ocean water-masses varied in both space and 
time. We also wanted to discover what physical 
mechanisms were at play: such as the relative impor¬ 
tance of air-sea heat and freshwater fluxes, ocean cir¬ 
culation, and sea-ice exchange. Of particular interest 
was the nature of variability of sea surface tempera¬ 
ture, interior oceanic water masses, and variability 
associated with the Southern Annular Mode (SAM), 
a climatic fluctuation in the wind field over the 
Southern Ocean. Extended integrations of global cli¬ 
mate models were analysed to determine the nature 
of seasonal, interannual, decadal and centennial vari¬ 
ability in upper-ocean circulation, water-mass prop¬ 
erties, Antarctic sea-ice, and atmospheric circulation. 
Wherever possible, observational data were analysed 
and compared to the model-simulated variability. 

Detection and attribution of climate change de¬ 
pends on a sound knowledge of natural modes of 
variability in the ocean-atmosphere system. This is 
because any signal of change needs to be compared, 
in both magnitude and time-scale, to that due to in¬ 
ternally generated climate oscillations. The goal of 
this paper is to improve our ability to detect Southern 
Hemisphere climate change by better characterising 
natural ocean-atmosphere variability in the region. 
Our knowledge of natural climate oscillations in the 
tropics and in the Northern Hemisphere is more ad¬ 
vanced than for the Southern Oceans, due to better 
data coverage and a greater effort in these geographic 
areas. One of the goals of this study was to quantify 
modes of climate variability in the Southern Hemi¬ 


sphere and to estimate how these modes impact on 
water properties in the Southern Ocean. 

METHODOLOGY 

The model experiments assessed comprised multi- 
millennia natural variability simulations run with 
constant atmospheric C0 2 , either provided by the 
CSIRO or involving runs of the NCAR CCSM3.The 
duration of the model runs provides a longer time¬ 
scale estimate of natural climate variability than that 
available from observations alone. Systematic dy¬ 
namical processes and feedback loops were explored 
using statistical analyses, including empirical ortho¬ 
gonal functions and wavelets, to extract relationships 
between the different climate parameters. In addi¬ 
tion, momentum and property budgets were em¬ 
ployed to elucidate the dominant processes control- 
lingthe frequency andmagnitudeofocyan-atmosphere 
variations. Variables analysed included atmospheric 
conditions such as air temperature, cloud cover, pre¬ 
cipitation, winds, and sea-level pressure, sea-ice ex¬ 
tent, air-sea property fluxes, ocean circulation and 
hydrography. 

WATER-MASS VARIABILITY 

The main results from this work relate to a compre¬ 
hensive assessment of the natural variability of water 
masses in the Southern Ocean (Rintoul & England 
2002; Santoso & England 2004; Santoso, England & 
Hirst 2006; Santoso & England 2008). The water 
masses analysed include Antarctic Bottom Water 
(Fig. I), which forms under sea ice off the Antarctic 
coast, sinks to the ocean’s abyss, and then flows 
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Fig. 1. Schematic depth-latitude diagram showing the 
major circulation and water masses of the Southern Ocean. 
The following water masses arc highlighted: (1) Antarctic 
Bottom Water flowing along the abyssal ocean, (2) 
Circumpolar Deep Water upwelling into the Antarctic 
Divergence Zone. (3) Antarctic Intermediate Water in the 
temperature range 4-6°C, and (4) Subantarctic Mode Water 
in the upper ocean north of the Subantarctic Front (SAF). 


northward into each of the major ocean basins. An¬ 
other focus was Antarctic Intermediate Water and 
Subantarctic Mode Water (see also Fig. 1), botli of 
which contribute to a substantial component of the 
ocean’s uptake of carbon dioxide. Quantifying the 
natural variability of Southern Ocean water masses, 
including their properties and overturning rates, is 
vital for detecting anthropogenic climate change. 

Antarctic Bottom Water variations were found to 
be controlled by Antarctic sea-ice fluctuations, with 
a dominantly decadal to multi-decadal time-scale 
(Fig. 2). The variability mechanism for Subantarctic 
Mode Water, in contrast, was discovered to be linked 
to wind-driven northward flow of cool Subantarctic 
Water, with the rate of mode water formation con¬ 
trolled by interannual variability in the circumpolar 
westerly winds (Rintoul & England 2002; Fig. 3). 
Previously, SAMW variability was thought to be 
controlled mainly by air-sea heat fluxes. Instead, we 
found that wind-driven northward Ekman flow of 
colder Subantarctic Water competes with southward 
flowing warmer saltier water from western boundary 
current extensions, with variability resulting in upper 
ocean water-mass characteristics and mixed layer 
depth. Under this mechanism, interannual variability 
in the circumpolar westerly winds drives variability 
in Ekman fluxes, and therefore variability in the rate 
of mode water formation near 40°S. 



Fig. 2. Schematic diagram showing the formation 
mechanism for Antarctic Bottom Water. Cold dry air blows 
ofTthe Antarctic continent, cooling the ocean to sub-freez¬ 
ing temperatures. When seawater lreezcs to form sea-ice, 
salt is rejected so that the surface waters become highly sa¬ 
line. This dense salty water sinks over the Antarctic conti¬ 
nental shelf and eventually becomes Antarctic Bottom 
Water, which flows into the abyssal Atlantic, Indian, and 
Pacific Oceans. 
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Fig. 3. Schematic diagram showing cross-front Ekman 
transport as a result of westerly winds over the subpolar 
Southern Ocean. Cold fresh Antarctic Surface Water (ASW) 
is advected in the surface Ekman layer across the 
Subantarctic Front (SAF). Ocean-atmosphere heat loss dur¬ 
ing winter also acts to cool Subantarctic Mode Water 
(SAMW). However, the dominant driver of SAMW T-S var¬ 
iations is due to variability in westerly winds and associated 
northward Ekman transport (Rintoul & England 2002). 
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These analyses were extended to include an as¬ 
sessment of Antarctic Intermediate Water and Cir¬ 
cumpolar Deep Water variability. Antarctic 
Intermediate Water variations were found to be 
mainly linked to fluctuations in air-sea and ice-sea 
fluxes, whereas Circumpolar Deep Water variability 
was found to be sourced primarily in North Atlantic 
Deep Water (NADW) variations. For full details of 
these analyses and results, refer to the series of pa¬ 
pers appearing in the Journal of Physical Oceanog¬ 
raphy during 2002-2006 (see References). 

THE IMPACT OF THE SOUTHERN 
ANNULAR MODE 

Another focal point of this project has been docu¬ 
menting the impact of the Southern Annular Mode 


on natural oceanic variability (Sen Gupta & England 
2006). The Southern Annular Mode is the leading 
mode of climate variability over the Southern Ocean, 
manifesting as a circumpolar pressure oscillation be¬ 
tween Antarctica and southern midlatitudes. The 
Southern Annular Mode thus controls the latitude 
and strength of the Southern Hemisphere subpolar 
westerly winds. These winds, often termed the ‘Roar¬ 
ing Forties’, play a pivotal role in controlling ocean 
circulation and water-mass formation (Oke & Eng¬ 
land 2004). In this project we analysed a natural vari¬ 
ability model experiment run over 200 years as well 
as measurements dating back to the 1950s to eluci¬ 
date the way the Southern Annular Mode impacts 
upon the Southern Ocean and regional climate. Vac¬ 
illations in the position and strength of the circumpo¬ 
lar winds residt in a dynamic and thermodynamic 
forcing of the ocean, summarized below in Figure 4 
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Fig. 4. Schematic representation of the climate system response to a positive phase of the Southern Annular Mode 
(SAM). Warm and cold anomalies are denoted by cross and dash hatching respectively. Arrow heads / tails denote flow out 
of / into the page. The corresponding diagram of circulation, properties and fluxes for the negative phase of the SAM exhib¬ 
its the same patterns as displayed here, only with reversed directions of circulation and the opposite sign for property anom¬ 
alies (from Sen Gupta & England 2006). 
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(taken from Sen Gupta & England 2006). Both me¬ 
ridional and zonal components of ocean circtdation 
are modified through Ekman transport which in turn 
leads to anomalous surface convergences and diver¬ 
gences that strongly affect the meridional overturn¬ 
ing circulation, and potentially the pathways of 
intermediate water ventilation. 


SUMMARY 

The major conclusions can be summarised as follows: 

1. Subantarctic Mode Water (SAMW) variability 
was found to be controlled by interannual varia¬ 
tions in wind-driven northward Ekman transport. 

2. Antarctic Intermediate Water (AAIW) variations 
were found to be driven by air-sea heat fluxes and 
ice-ocean salt fluxes on a 3-5 year time-scale. 

3. Circumpolar Deep Water (CDW) variations in I- 
S were discovered to be sourced from changes in 
transport/propcrtics of NADW, dominated by 
time-scales centennial and beyond. 

4. Antarctic Bottom Water (AABW) variability ot 
the order of 3-5 Sv was found to be dominantly 
multi-decadal and linked to Antarctic sea-ice for¬ 
mation rates. 

5. The Southern Annular Mode forces an organized 
circumpolar response in ocean circulation, SST, 
mixed layer depth and sea-ice. 

6. The sea surface temperature response is signifi¬ 
cant due to a conspiring of ocean circulation ef¬ 
fects and air-sea heat fluxes. 

7. The atmosphere responds to Southern Ocean 
SST and sea-ice variations by prolonging phases 
of the Southern Annular Mode. 
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Approximately a quarter of Australia was detached 
and moved east when the Tasman Sea opened be¬ 
tween 83 Ma in the Late Cretaceous and 52 Ma in the 
Early Eocene (Shaw 1990; Veevers 2000). The de¬ 
tached subcontinent has been named Zealandia 
(Mortimer 2006; Tulloch ct al. 2006). During its sep¬ 
aration the crust was stretched and thinned from a 
thickness of about 35 km to about 20 km so that the 
subcontinent sank isostatically and is now mainly 
submerged in the ocean where it forms Lord Howe 
Rise, Norfolk Ridge, Chatham Rise and Campbell 
Plateau (Fig. 1). There arc parts that arc emergent be¬ 
cause in the Ncogcne they were on the active contact 
between the moving Australian and Pacific tectonic 
plates, the largest of the emergent parts being New 
Zealand and New Caledonia. Geological units in the 
emergent parts are known and in this paper, using 
standard geological practice, are projected through 
the submerged parts and joined to give a schematic 
picture of the geology (Fig. 2). The correlation of 
sub-regions so widely separated by sca-floor spread¬ 
ing causes doubts but it is a procedure widely ac¬ 
cepted and successful around the Atlantic and Indian 
Oceans, and between Australia and Antarctica. 

The detached rocks were part of the Tasman Fold- 
belt of eastern Australia, and can still be included in 
it. A long time ago the author prepared a review of the 
Tasman Fold Belt in Australia (Harrington 1974) and 
intended to prepare a similar summary of that fold 
belt outside Australia but the amount of field work re¬ 
quired was very much under-estimated and has taken 
another 33 years intermittently. 

Pre-separation plulonic rocks are not considered 
in this paper except for the Late Carboniferous Wrat- 
ten Suite on the east side of the Esk Trough and some 
small areas of rocks of similar age in the Median 


Tectonic Zone of New Zealand, and except for the 
Dun Mountain and Koh Ophiolites. Post-separation 
rocks also are not considered but those in the sub¬ 
merged parts of Zealandia have been the subject of 
intensive and very expensive studies in recent years, 
in part for research, in part because they could con¬ 
tain petroleum fields additional to those in offshore 
New Zealand, and in part for the political reason that 
they are included in the Exclusive Economic Zones 
of Australia, France and New Zealand. There is a 
massive amount of published literature therefore on 
the post-separation rocks and structures and some of 
it has been summarised by Hill and Bernecker 
(2001), Hillis and Muller (2003), Veevers (2000) and 
others. A French ship operating from New Caledonia 
has done a lot of the work along with research ships 
of The United States, Germany, Australia and New 
Zealand. (A week after this paper was completed a 
copy was received of a manuscript by Norvick et al. 
2008, on the region from eastern Australia through 
Lord Howe Rise to New Caledonia. It is the latest 
synthesis of post-separation geology, with very use¬ 
ful colour maps, and some correlation with the 
present writer’s paper based on the sharing of infor¬ 
mation which unfortunately occurred late because 
the two parties had not learned earlier of each other’s 
activities.) 

The separation of Zealandia probably started be¬ 
fore 130 Ma with a rising crustal welt which devel¬ 
oped rifts in the Early Cretaceous or even the Late 
Jurassic, one of which widened to form the Tasman 
Sea between 83 and 52 Ma. Before the first new sea 
floor appeared under the Tasman Sea the rifting was 
associated, particularly in offshore Queensland but 
also onshore, with a major magmatic belt of plutons 
and volcanics and ash-fall material. This is usually 
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Fig. I. Zealandia consists of Lord Howe Rise and Norfolk Ridge with New Caledonia, submerged Tasmania. Chatham 
Rise and Campbell Plateau, which are about a quarter of the size of Australia. They were detached from Australia and adja¬ 
cent Antarctica in the Late Cretaceous and early Ccnozoic. Zealandia does not include the Vanuatu Arc at the top of the fig¬ 
ure. Three Kings Ridge, the two Tonga-Kcrmadec arcs, or Macquarie Ridge, which were not part of Australia, or the 
Louisville Ridge of young volcanoes in the Pacific, or two parallel chains of young volcanoes in the Tasman Sea which are 
submerged except for Lord Howe Island. The figure is pan of a compilation by V. Stackpoole, New Zealand Institute of 
Geological and Nuclear Sciences, and is reproduced with permission. 
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Fig. 2. Pro-Late Cretaceous geology of Zealandia and eastern Australia, schematic and simplified. Intrusive rocks are 
omitted, along with most major faults except for transform faults formed during the opening of the Tasman Sea. A key refer¬ 
ence-feature is the heavy line indicating the Brook Street-Gympie volcanic chain. For a tectonic interpretation of the geol¬ 
ogy see Figure 6. 


termed tile Whitsunday Magmatic Belt in Australia, 
and it extends to New Zealand where it has been 
studied in detail and named Cordillera Zealandia 
(Tulloch & Kimbrough 2003: Tulloch et al. 2006). 
That name seems to have been given because its au¬ 
thors think that the belt is analogous petrologically to 
a magmatic belt in the cordillera of Baja California. 


Its volcanic rocks include a recovery from a DSDP 
hole in Lord Howe Rise but they are all essentially of 
pic-separation ages and therefore are not discussed 
here or shown on Figure 2. 

The submerged regions shown on Figure 1 are 
schematic, in part because they are really divided 
into strips by extcnsional rifting and on small maps 
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the parts cannot all be shown and named. For exam¬ 
ple the Danipier Ridge is not shown separately; and 
the rock belts are more segmented than shown (Gaina 
et al. 1998) and their exact positions are not yet 
known. Those east of Australia are shown on the col¬ 
our maps of Norvick et al. (2008) along with the 
transform faults in the Tasman Sea. 


GEOLOGY OF EMERGENT REGIONS 
Southeast Australia 

The Tasman Foldbelt system in southern Australia 
has three main parts which from west to cast are the 
Delamerian Foldbelt cratonised in the Mid Cam¬ 
brian, the Lachlan Foldbelt and the New England 
Orogen (Harrington 1974; Korsch et al. 1990; llillis 
& Muller 2003; Veevers 2000). The Lachlan and 
New England parts both contain Cambrian rocks but 
the two arc different because the Lachlan was craton¬ 
ised in the Late Devonian and Early Carboniferous 
whereas the New England Orogen continued to de¬ 
velop for another 100 million years until it was cra¬ 
tonised in the Late Permian and Mid Triassic. The 
Lachlan and New England parts arc also separated 
by the great Sydney-Bovven Basin of latest Carbonif¬ 
erous to Mid Triassic age. Both the Lachlan and New 
England units are divided into subprovinccs (Har¬ 
rington 1974; Burrctt & Martin 1989; VandenBerg et 
al. 2000; Birch 2003; Day et al. 1983; Veevers 2000; 
Harrington et al. 2000). 

Victoria and Tasmania 

There is a considerable literature on the matching 
and non-matching of the geologies of Victoria and 
Tasmania across the Bass Strait gap of approximately 
300 km. The difficulties and disagreements (Royer 
& Rollct 1997) are such that when Elliott and Gray 
(1992) proposed an easterly derivation for Tasmania 
1 heard a respected geologist with a Tasmanian back¬ 
ground, the late C.McA. Powell, give a lecture in 
which he concluded that ‘Tasmania is a visiting card 
left behind by South America when the supcrconti- 
nent of Rodinia broke up in the Late Proterozoic'. 
That was a view caused by frustration and by new 
global ideas at that time about Rodinia and other 
supercontinents. 

In Tasmania on the east side of the Precambrian 
craton (Fig. 1) there are Early Cambrian arc and 


back-arc ultramafics and volcanics that were sutured 
to the Tasmania-Antarctic craton in the mid-Middle 
Cambrian, and at the same time thrust west by ob- 
duction far on to the craton. The eastern Tyennan part 
of the craton was also part of the thrusting which 
moved it a little over the western craton. As a result 
there was loading of the edge of the western craton 
and a foredeep was formed and is now the Dundas 
Trough dividing the Tasmanian craton into the east¬ 
ern Tyennan Block, and the Northwest Tasmania 
Block which was flexed down into the foredeep. 
Later in the middle Cambrian there was extension of 
the foredeep accompanied by the eruption of the 
Mount Read Volcanics which arc economically im¬ 
portant for their metal mines. Across Bass Strait the 
Stavely Volcanic Complex of the Glenclg Zone of 
western Victoria has been correlated by many work¬ 
ers with the Mount Read Volcanics (Munker & 
Crawford 2000; Crawford et al. 2003). Unless that 
correlation is rejected there should be correlatives of 
the two Tasmanian cratons under cover on both sides 
of the Stavely volcanics. those to the east being 
mostly under the Stawell Zone (Wood & Large 2007) 
where metamorphics are exposed locally by an up¬ 
thrust on the Moyston Fault (Gray et al. 2003: fig. 
2.4). The Tyennan Block therefore would be corre¬ 
lated with buried rocks in western Victoria on the 
eastern side of the Glenelg Zone, if the Glenclg Zone 
and the Dundas Trough are correlated, and if the Ty¬ 
ennan Block actually extends north of Tasmania into 
Victoria. That is a key question that now has to be 
discussed. 

The Melbourne Trough is the real problem. It is 
in a central position in the Victorian part of the Lach¬ 
lan Fold Belt and its rocks are of lower metamorphic 
grade than others, and most importantly do not show 
the Late Ordovician and Silurian Benambran defor¬ 
mation that affected the rest of the Foldbelt. The 
question is: why ?; and there have been three main 
answers, as follows. 

The trough is bordered on the west by the I Icath- 
cote Greenstone Belt or Volcanics and on the cast by 
the Mount Wellington Greenstone Belt. The petrol¬ 
ogy of the rocks in both belts was studied in detail by 
Crawford and Keays (1978, 1987) who showed that 
the belts are remarkably similar: and they made some 
tectonic analyses. In their 1987 paper although they 
were mainly concerned with the origin of Cambrian 
boninites they also proposed that the two greenstone 
belts arc parts of an oceanic volcanic island arc that 
split to form a back-arc basin between them. Unfor¬ 
tunately the term back-arc basin was used instead of 
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interarc basin and that obscured thinking and might 
be why their proposal was not developed by the au¬ 
thors or by others, although it was a sound explana¬ 
tion of the Melbourne Trough. A forearc basin is 
between a subduction zone and an arc, a back-arc 
basin is on the opposite side of the arc, and an inter¬ 
arc basin is between two parts of an arc that have 
separated enough to have new crust form between 
them. Interarc basins were described in classic pa¬ 
pers by Karig (1971, 1972, 1974) and discussed by 
Marsaglia (1995), and a good example is the Tonga- 
Kermadec system with its two arcs separated by the 
Lau-Havre Interarc Basin as shown on Figure I. 

The Crawford and Keays proposal seems to have 
been overlooked and was not developed even by its 
authors. Instead, Glen et al. (1992) made a complex 
proposal that central Victoria is underlain by a Pre- 
cambrian crustal block that originated in the present 
location of central and western Tasmania and was 
forced northwards for over 450 km along the Tamar 
Fracture Zone to a position under central Victoria. 
They considered it was a crustal flake forming an ex¬ 
otic terrane wedged into the region affected by the 
Benambran deformation and dividing it into two sep¬ 
arated parts. They explained the forcing as a product 
of intraplatc escape tectonics mainly in the Middle 
and Late Silurian but continuing to the Middle Devo¬ 
nian. Their idea gave support to the persistent notion 
that central Victoria is underlain by a Precambrian 
block. 

VandenBerg et al. (2000: 358) have argued sub¬ 
sequently and vigorously that the supposed Precam¬ 
brian was not forced north but was the Precambrian 
Tyennan Block of Tasmania which simply extended 
northwards for about 300 km under Bass Strait and 
then extended further north under central Victoria in¬ 
cluding the Melbourne Zone. They named the Victo¬ 
rian part the Selwyn Block and in their major review 
argued repeatedly that it is a most important part of 
Victorian geology. They also argued that it was strong 
enough not to be affected by the Benambran Orog¬ 
eny, which is hard to accept given that the Melbourne 
Trough or Zone was later affected by the Middle 
Devonian Tabberabberan Orogeny. 

The present writer considers that Crawford and 
Keays (1987) were correct in their explanation of the 
Melbourne Zone if their term back-arc basin is 
changed to interarc basin for the basin or half-graben 
that formed between the Hcathcote and Mount Wel¬ 
lington Greenstone belts. The new Cambrian ocean 
floor under that basin is the Selwyn Block. The arc 
system was offshore from the continental western 


Benambran domain but became amalgamated with 
it. The interarc basin is deepest on its western side 
which suggests that the main extension fault involved 
in its formation was along the eastern side of the 
Heathcote Belt. The basin became the Melbourne 
Trough when it was filled by Early Ordovician to 
Middle Devonian sediments that were not affected 
by the Benambran deformation. 

Rocks in that part of the Lachlan Fold Belt that is 
now east of the Melbourne Trough were deformed 
during the Benambran Orogeny but that is irrelevant 
because those rocks were then about 600 km to the 
north and were deformed by the Benambran defor¬ 
mation before they were moved to their present posi¬ 
tion before or during the Tabberabberan Orogeny 
(Willman et al. 2002; VandenBerg et al. 2000). 

If the Selwyn Block is really an extension of the 
Precambrian part of the Tyennan Block as proposed 
by VandenBerg et al. (2000) it follows that Tasmania 
has not moved very far east or west relative to Victo¬ 
ria since the Ordovician. In the nineteen-seventies 
there was a serious debate about such possible move¬ 
ments, and in later years the debate has continued 
because of regional problems (Elliot & Gray 1992). 
One problem is that the graptolitc-bearing Ordovi¬ 
cian sediments of the Bendigo Zone of Victoria if 
projected along strike to the south would pass a little 
to the west of the west coast of Tasmania as can be 
seen on the clear map in VandenBerg et al. (2000: 
358) They should therefore intersect the north coast 
of East Antarctica, which was attached to the west 
side ofTasmania until the Late Cretaceous and later, 
but they do not appear in the Antarctic coastal re¬ 
gion, as the writer and others know from field work 
there (Harrington et al. 1967), and it is not because 
the relevant rocks are buried beneath ice. That part of 
Antarctica is occupied by the Admi-alty Mountains 
which are one of the world’s great mountain systems 
with an cast-west length of 300 km and plenty of 
rock exposures in magnificent spiky mountains 4000 
m high. That a continuation of the Bendigo Zone is 
not exposed within Tasmania is well established be¬ 
cause the early gold miners naturally searched for it, 
and later detailed geological mapping has not found 
it (Burrctt & Marlin 1989). To the east ofTasmania 
the situation changes, and provides a solution. Until 
the Cretaceous Lord Howe Rise was against Tasma¬ 
nia and in an emergent part of it in the South Island 
of New Zealand there are extensive belts of rocks 
very similar to those of the Ordovician sequences in 
the Bendigo Zone (Cooper 1989; Cooper & Tulloch 
1992). It was proposed by Harrington et al. (1973) 
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that they are the missing southern extension of the 
Bendigo Zone and that they were moved eastwards 
for about 800 km, along with Tasmania, at some time 
between Late Ordovician and the intrusion of Late 
Devonian granites. There is now better knowledge of 
the relevant geology, and changed terminology, and 
the amount of eastwards movement has become un¬ 
certain. It could be reduced possibly to about 350 km 
if it is assumed that the Stavely Zone and the Mount 
Read Volcanics can be correlated, or alternatively 
could be reduced to about 400 km by adding a width 
of about 300 km for Tasmania to a width of about 
100 km or more for the Buller Terrane of the Western 
Province of New Zealand. 

Completely independent studies of the Precant- 
brian rocks of South Australia and East Antarctica 
suggest a relative dcxtral movement of about 700 km 
(Flottman & Oliver 1994: 294 map), and before a 
partial reversal in the Late Jurassic (see below) would 
have been about 1100 km. The displacement might 
indeed be variable at different places along the south 
side of mainland Australia. 

If the displacement hypothesis is correct the 
Mathinna beds of north-east Tasmania, and the west¬ 
ern part of Buller terrane in New Zealand, should be 
correlated not with the Melbourne Zone but with the 
Stawell Zone of Victoria. In addition the Cambrian 
arc complex of the Takaka Terrane on the east side of 
the Buller graptolitic rocks in New Zealand (Munker 
& Cooper 1999; Munker & Crawford 2000) can be 
correlated with the Heathcotc volcanic rocks of Vic¬ 
toria, which are on the eastern side of the Bendigo 
graptolitic rocks, as proposed by Harrington et al. 
(1973), and a bit differently by Cooper (1975). 

The suggested movement of Tasmania and East 
Antarctica relative to Victoria probably occurred in 
the Middle Devonian, as part of the plate movements 
involved in the Tabberabbcran Orogeny, but it might 
have occurred earlier when the Heathcote-Mt. Wel¬ 
lington arc system was sutured to the Stawell Zone, 
and before the southward movement of the Benant- 
bra Terrane. At only 3 cm per year the movement 
would have taken 10 million years for 300 km, and a 
longer time for greater distances. 

The eastward movement was placed by Har¬ 
rington et al. (1973) along a strike-slip fault that they 
termed the Gambicr-Bcaconsfield Fracture Zone. 
The Beaconfield part of their fault passed through 
the Tamar Valley in Tasmania and was later named 
the Tamar Fault and Tamar Fracture Zone by officers 
of the Tasmanian Geological Survey (Burrett & Mar¬ 
tin 1989). It was adopted as a major feature by Glen 


et al. (1992). The existence of a single Tamar Fault is 
now doubtful, but nevertheless the structural line 
marks the most important regional division in the ge¬ 
ology of the island. In the 33 years since 1973 there 
has been a great improvement in knowledge and it is 
now considered by the writer that the eastward move¬ 
ment of Tasmania and New Zealand must have been 
on a fault that was north of the whole of the island, 
and also north of Waratah Bay in southernmost Vic¬ 
toria. Possible candidates include the Gambier-Gabo 
Line of Elliott and Gray (1992: fig. 3) and of Gray et 
al. in Douglas and Ferguson (1988: 28). There are 
many easterly-trending faults and folds in younger 
rocks that cover that region as shown on a map by 
Cayley et al. (2002: 241) of the onshore Gippsland 
Basin, but how they are related at depth is unknown. 
On Figure 2 in the present paper it is assumed that 
they are collectively a flower structure above a base¬ 
ment transform that is named the Vic.-Tas. Fracture 
Zone, but informally and only for temporary conven¬ 
ience. It is considered to extend into Lord Howe 
Rise, a view held independently by Norvick et al. 
(2008) as shown on their maps. 

In the Late Jurassic or Cretaceous there was a re¬ 
verse westward movement of East Antarctica relative 
to Tasmania. This is indicated by the distribution of a 
very prominent belt of Middle Jurassic Ferrar Doler- 
ite cone sheets and sills that crosses East Antarctica 
for 3000 km from the Weddell Sea to the Southeast 
Indian Ocean where it is disrupted but reappears in 
Tasmania. It is not generally appreciated, although it 
is very clear on the ground and on maps, that in Ant¬ 
arctica the dolerite belt does not trend through the 
Admiralty Mountains of Victoria Land as might be 
expected but intersects the Antarctic coast far to the 
west at the Rennick Glacier and Horn Bluff (see 
maps in Harrington, 1965 and Flottman & Oliver 
1994: 294). This indicates that the dolerite belt does 
not continue directly from East Antarctica into Tas¬ 
mania but has been displaced to the west by 400 km, 
or perhaps more, on the Gambier-Sorell Fracture 
Zone along the west side of Tasmania (Harrington et 
al. 1973, Fig. 2). For convenience this zone is termed 
informally the Antarctica-Tas. Fracture Zone on Fig¬ 
ure 2 of the present paper, and it is a zone. At approx¬ 
imately that position Storti et al. (2007) map in the 
ocean a number of named closely-spaced sub-paral¬ 
lel faults that are not shown on Figure 2 for reasons 
of scale. The relative movement on the zone reversed 
the much older relative eastward movement of East 
Antarctica but strangely Tasmania was detached 
from East Antarctica and left attached to Australia. 
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(This is convenient for geologists who in Tasmania 
can see a sample of some Antarctic geology without 
the trouble and costs of‘going South’.) The report by 
Harrington (1965) of the post-dolerite westward 
movement of East Antarctica has been missed by 
later workers except Elliot and Fleming (2000) who 
showed it clearly on their maps. Not recognising it 
has caused problems in correlating Antarctic and 
Australian rock belts, and in studying the tectonic 
extension of West Antarctica and the Ross Sea region 
and the southern Tasman Sea. 

In assessing the question of the relative eastward 
movement of a block containing Tasmania and the 
Western Province of New Zealand it is significant 
that Triassic sandstone and Jurassic dolerite similar 
to those of Tasmania occur as erosional remnants in 
New Zealand (Mortimer & Smale 1996; Mortimer et 
al. 1995). Moreover rocks of possible Delamerian af¬ 
finity have been recognised in Fiordland in the south¬ 
ern part of the Western Province of New Zealand 
(Gibson & Ireland 1996). There arc too many simi¬ 
larities between Victoria and the Western Province of 
New Zealand for them to be accidental. 

Gold was discovered in Victoria in 1851, and the 
surface gold had been more or less worked out when 
payable gold was discovered in New Zealand in 
1861. There was a ‘rush’ of‘diggers’ from Australia 
to the new fields and it is intriguing to note that they 
apparently recognised the geological similarities of 
Victoria and the Western Province and used the 
names they had given to mines in Victoria for mines 
and prospects in the Cambrian and Ordovician rocks 
of New Zealand. Obviously some of the successful 
miners were good observers. (They also carried with 
them a set of attitudes that is still important in geol¬ 
ogy and mining on the west side of South Island). 

The section above had been written when the 
paper by Rossiter and Gray (2008) appeared in which 
they proposed that the Selwyn Block, as redefined 
by them, is an exotic terrane of rocks with high bar¬ 
ium contents, and was emplaced in central Victoria 
by northwest-directed movement between two in¬ 
ferred parallel strike-slip faults during the Bindian 
Orogeny (end- Silurian time). The timing can be 
questioned because Bindian deformation has not 
been recognised in the sediments of the Melbourne 
Trough or Interarc Basin which had been largely 
filled by that time and would have been deformed if 
a Selwyn Block had been pushed northwards under 
them. Their paper has not changed the writer's opin¬ 
ion that the basin started in the Cambrian as an inter¬ 
arc feature. 


Southeast Queensland 

The story now jumps over the New England Orogen 
and the Sydney-Bowen Basin to the Brisbane region 
about 1200 km north of Victoria. At Gympie, 140 km 
north of Brisbane (Cranfield 1999; Murray & Water- 
house 1987) there arc gold-bearing quartz lodes that 
for many years provided as much as one-third of 
Queensland’s GDP (Gross Domestic Product). Partly 
for that reason, and partly because several universi¬ 
ties and the Queensland Geological Survey are based 
in the region, the geological literature on south-east 
Queensland is very large and dispersed. 

The region from Brisbane northwards is dominated 
by the rugged D’Aguilar Range (pronounced dag-il- 
ar). It is divided by the major North Pine Fault into the 
North D’Aguilar Block and South D’Aguilar Block 
(Fig. 3). The blocks each have rock units with different 
names, but the writer argues below, after many years of 
struggling with them, that the rocks of the two blocks 
are parts of one overall D’Aguilar sequence. 

North D 'Aguilar Block 

On the east flank of the North D’Aguilar Block the 
Gympie Group (Cranfield 1999) is a key unit in 
making local and long-distance correlations. It in¬ 
cludes the basalts of the Highbury Volcanics, a for¬ 
mation that contains some flows and pyroclastics 
(ankaramites) that are made distinctive by large 
cuhcdral phenocrysts of diopsidic augite. These vol¬ 
canics are very similar to some of those in the Brook 
Street Volcanics in New Zealand in appearance and 
in detailed geochemistry (Harrington 1974, 1983, 
1987, 1990; Sivell et al. 1990; Sivell & Waterhouse 
1987, 1988; Waterhouse & Balfe 1987). Gympie 
Group in addition contains the South Curra Lime¬ 
stone in which the fossils include distinctive atom- 
odesmids, and the limestone in that and other respects 
resembles, but is not a direct correlative of, a lime¬ 
stone in the Maitai Supergroup in New Zealand, even 
having the same stink when broken with a hammer. 
East of Gympie Group the Kin Kin beds arc an ex¬ 
tensive formation characterised by laminated silt- 
stones resembling those of Greville Formation in the 
Maitai Supergroup. In brief, the similarity between 
Gympie Group and the Kin Kin beds and a set of 
New Zealand rocks cannot be ignored. 

The characteristic rocks of Gympie Group have 
attracted most attention near Gympie (Cranfield 
1999) because of the gold mines, but they continue 
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18 Maryborough Basin 

U. Trias. - L. Cret. 

18 Nambour Basin 

U. Trias. * L. Cret. 

17 Alice Water Volcanics 

U. Trias. 

16 Aranbanga Volcanics 

U. Trias. 

15 Toogoolawah Group 

M. - U. Trias. 

14 North Arm Volcanics 

M. - U. Trias. 

13 Brooweena Formation 

M. Trias. 

12 Kin Kin Beds 

L Trias. 

11 Gympie Group 

Permian 

10 Serpen Unite 

Not Known 

9 Amamoor Beds 

U. Dev. • Permian 

8 Booloumba Beds 

U. Dev. - Permian 

7 Kurwongbah Beds 

U. Dev. * Carb. 

6 Rocksberg Greenstone 

U. Dev. - Carb. 

5 Neranleigh - Fernvale Beds 

U. Dev. * Carb. 

4 Bunya Phyllite 

U. Dev. - Carb. 

3C Marumba beds 

L. Carb. - L. Permian 

3B Northbrook Beds 

Permian - ?L. Trias. 

3A Cressbrook Creek Group 

Permian 

2 Wratten Igneous Suite 

U. Carb. 

1 New England Orogen 

Paleozoic 


Fig. 3. Pre-Cenozoic geology of soutli cast Queensland, simplified. The New England Orogcn, 1, forms the western 
ranges, and the isolated Wratten Igneous Suite, 2, in the Esk Trough, 15. Some Permian sediments, 3A, B, C, crop out at the 
sides of the Esk Trough and are overlain by Middle Triassic sediments and volcanics, and unconformably by Late Triassic 
volcanics, 16, and also 17. The D'Aguilar Blocks (pronounced dag-il-ar) consist of units 4 to 10 termed informally the 
D’Aguilar sequence. Above it the Gympie Group, 11, is a marker unit and is overlain by Kin Kin beds. 12, Brooweena 
Formation, 13, and Triassic North Arm Volcanics, 14. Unconformably higher is the Nambour-Maryborough Basin. 18, 
which extends offshore and is overlain by Cenozoic sand islands, Cz. The Gympie Province, which does not include the 
New England Orogen. is roughly 400 km long and 100 km wide with an offshore extension. 
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north through the Biggenden district with the same 
distinctive volcanics and limestone and overlying 
Kin Kin laminites (Cranficld 1989, 1990, 1993, 
1994; Cranficld ct al, 1996, 1997). In that region the 
Good Night Block of Cranficld (1994) has been 
mapped as older than the Gyntpie Group, but in its 
eastern part there arc characteristic Gympie Group 
lavas and limestone as well as laminites of the Kin 
Kin beds. The exposures of the laminites at Paradise 
in the Burnett River west of Booya! are especially 
like those of Grcville Formation in New Zealand. 
The Amamoor and lower parts of the D'Aguilar se¬ 
quence (see below) are to the west of the block but 
much diminished in exposed area because of the 
gentle northward plunge of the North D'Aguilar an- 
ticlinorial structure. They are intruded by the Wat- 
eranga Gabbro, a layered intrusion that is similar to 
the layered gabbroic intrusions of the Longwood 
Range and Bluff Peninsula in New Zealand. The 
Gympie Group continues from Biggenden to the 
Rosedale district northwest of Bundaberg where the 
plunging anticlinorial structure becomes covered by 
Upper Triassic Agnes Water volcanics (Ellis & 
Whitaker 1976) about 350 km north of Brisbane, and 
south of the city of Gladstone. 

This account now turns to the rocks to the west 
of the Gympie Group in the North D’Aguilar Block, 
but further south. They have been treated as impor¬ 
tant in regional surveys and in conference excursions 
so an attempt is made here to give a brief account of 
them and to recognise a regional pattern. They have 
been a little difficult to study because they arc for the 
most part in moderately rugged forested country. 
Previous workers have placed them in the New Eng¬ 
land Orogen, but the writer suggests a very different 
placing a little later. The rocks are volcanogenic with 
thick units of lavas and tuffs (greenstones), thick 
silty mudstones, and cherts thick and thin, some of 
red colours. Some of the rocks that look like cherts, 
or many of them, might have been fclsic vitric tuffs. 
There arc numerous faults and folds in outcrops, and 
there are granite intrusions that break stratigraphic 
continuity and correlations. Nevertheless the writer 
has concluded that the essential stratigraphy is not all 
that complex, and that there is a general upward se¬ 
quence from Rocksbcrg Greenstone and Kurwong- 
bah beds through Booloumba beds and Amamoor 
beds to the Gympie Group. The boundaries between 
units are not clear either laterally or vertically and 
that is to be expected if the sequence is in fact a dis¬ 
tal arc-flank assemblage of the West Austral Volcanic 
Arc, as suggested later. 


xiii 

The sequence from Rocksberg Greenstone to the 
base of Gympie Group is at present of very uncertain 
thickness, but a rough estimate of 15 km is an indica¬ 
tion. It can be termed informally, for this paper, the 
D’Aguilar sequence, with emphasis on the word in¬ 
formally. In the upper part of the sequence the Ama¬ 
moor beds contain radiolaria extracted by Ishiga 
(1990) who considered them to be of Late Devonian 
to Early Carboniferous age, and it is possible that all 
of the pile from Rocksbcrg Greenstone to Amamoor 
bed is in that age range. The overlying Gyntpie Group 
has Permian faunas that have been studied closely 
(Waterhouse 2002) and the still higher Kin Kin beds 
have one Early Triassic fauna. 

To the north of the Gympie inlier the D’Aguilar 
sequence and Gympie Group are overlain by the un¬ 
usual Broowcena Formation. It contains a sparse 
shelly fauna that was once thought to be Eotriassic 
(Fleming 1966). H.J. Campbell (oral pers. comm.) 
considers that it is about Ladinian, middle Triassic. It 
is best known at Aramara in muddy beds that the 
writer hits traced westwards to coarse breccia-con¬ 
glomerate very well exposed in rail cuttings. It is a 
problem unit and a special origin is suggested for it 
later. Broowcena Formation is overlain in a coastal 
strip by the Maryborough Basin which it is also con¬ 
venient to describe later. 

There is another problem, quite as difficult and 
interesting. Towards the western margin of the North 
D’Aguilar Block there arc serpentinite pods the larg¬ 
est being the Mount Mia Serpentinite which has a 
structural thickness of up to 4 km. It is a melange 
containing many exotic blocks and it could be a tec¬ 
tonic or sedimentary melange, or both. From the ser¬ 
pentinite westwards and topographically steeply 
downwards to the edge of the Triassic rocks of the 
Esk Trough the geology is so ‘strange’ that it has 
puzzled and attracted visitors and investigators. 
Eventually a distinguished Brisbane team made a 
concerted and detailed attack on it and produced a 
large number of important publications only a few of 
which are listed here (Holcombe & Little 1994; Lit¬ 
tle at al. 1992; Little ctal. 1993; Donchaketal. 1995; 
Tang & Gust 2000). Above the serpentinites those 
authors recognised the flat-lying Mount Mia Fault. 
Under the serpentinites there arc greenstones, some 
converted to blucschists and some being tectonic 
breccias. These are close to, and are topographically 
above foliated granitoids with Late Carboniferous 
radiometric ages of 307 to 319 Ma. The granitoids 
have been grouped by Tang and Gust (2000) in the 
Wratten Igneous Suite. The scattered outcrops and 
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their gneissic aureoles are covered nonconformably 
by the Permian Manitoba beds which arc much less 
metamorphosed, and are also less metamorphosed 
than the greenstones higher on the mountainside. 

The Brisbane team mentioned above worked 
shortly after the ideas of ‘exlensional tectonics’ had 
been developed globally in the early nineteen-eight¬ 
ies and had been successful in explaining many puz¬ 
zling situations involving metamorphic rocks. The 
team interpreted the rocks structurally below the 
Mount Mia Fault as an exhumed metamorphic core 
complex that was moved relatively to the west to 
form the lower plate of a Late Carboniferous exten¬ 
sion system, and the rocks above the fault as the 
upper plate which moved relatively eastwards. 

The present writer accepts that extension indica¬ 
tors exist on the surfaces of some of the rocks above 
the Marumba beds: but has developed a very' differ¬ 
ent interpretation that the rocks above the Marumba 
beds arc in a middle Triassic suture zone on which 
the Austral Arc system moved westwards and was 
accreted to the New England Orogcn. The proposed 
Austral Arc System has to be discussed before the 
accretion and overthrusting concept can be explained 
in the ‘Interpretations’ section of this paper. 

South D 'Aguilar Block 

The South D’Aguilar Block is southwest of the North 
Pine Fault and although its rock units are similar to 
some of those in the North D'Aguilar Block they 
have been given different names. There are essen¬ 
tially two units, the Bunya Phyllite and the Neran- 
leigh-Fernvale beds which have been accepted since 
they were proposed after a broad regional survey by 
Denntead (1928). He told me (pers. comm.) that the 
artificial name Neranleigh was intended to refer 
mainly to the rocks of the Becnlcigh Block south of 
Brisbane, though a belt of Neranleigh Series was 
shown on his map of the D’Aguilar Range cast of a 
wide belt of Fernvalc Series (Aitchison 1988). His 
Bunya Series is shown forming the eastern part of 
the South D’Aguilar Block. In the far west at Fern- 
vale and close to the major West Ipswich Fault there 
is a fault-bounded sliver of serpentinite 1.6 km long 
(Nieper 1966), the existence of which is often over¬ 
looked, but it is a significant analogue of the Mount 
Mia Serpentinite in the North D'Aguilar Block. 

The Bunya Phyllite at Brisbane and near the Uni¬ 
versity of Queensland has parts converted to foliated 
and contorted schists (which are rather like the Otago 


Schist of New Zealand, possibly because both had 
protoliths of similar lithologies). Bryan and Jones 
(1954) produced a cross-section that became famil¬ 
iar to students and others for many years. It showed 
the schists as parts of west-directed thrust sheets 
within a very large Indoorapilly Anticline trending 
nor-nor-west. People were reminded of that concept 
in a section by Holcombe (1977: 477). He used 
newer techniques of structural analysis and proposed 
a much more complex structural picture than that of 
Bryan and Jones (1954). 

The Neranleigh-Femvale beds overlie the Bunya 
Phyllite unconformably according to Bryan and 
Jones (1954) who estimated, possibly to make a dra¬ 
matic statement, that the total thickness of the two 
units is 50,000 feet (15.000 m) with the original crest 
of the anticline rising to a Himalayan height of per¬ 
haps 30,000 feet (9,000 m). 

Holcombe (1977) considered that the Bunya 
Phyllite might ‘be merely a unit within the Neran- 
leigh-Fernvale beds’. Most writers have treated the 
units in the two D'Aguilar Blocks as parts of the 
New England Orogen. Donchak et al. (1995: 39) 
suggested that the Bunya Phyllite might have equiva¬ 
lents in the widespread Jimna Phyllite (formerly in¬ 
cluded in the Booloumba beds) and in the Amamoor 
beds, of the North D’Aguilar Block, and in doing so 
suggested some links between the North and South 
D’Aguilar blocks. 

The writer’s opinion is that the Bunya Phyllite 
and Neranleigh-Femvale beds are similar to the Kur- 
wongbah beds, Booloumba beds, Jimna Phyllite, 
Amamoor beds and Mt Clara beds of the North 
D'Aguilar Block, and are their equivalents along 
strike. They are all regarded here as parts of a 
‘D’Aguilar sequence’ (informal name). In essence 
the Rocksberg Greenstone is not so prominent in the 
South D'Aguilar Block because it is below the level 
of present-day erosion, and the Gympie Group and 
Kin Kin beds are missing as a result of tectonism and 
erosion at the top of the pile. Parts of the Rocksberg 
Greenstone might have been parts of the original 
ocean floor on which the rest of the ‘D’Aguilar se¬ 
quence' was deposited, but higher parts seem to have 
been in an arc-flank pile merging into a forearc 
basin. 


Esk Trough 

On the western side of the D’Aguilar Range there is a 
structural valley roughly 125 km long and 25 km wide 
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Fig. 4. Pre-separation (pre-Late Cretaceous) terranes of New Zealand. The standard terranes are modified to separate 
the Dun Mountain-Patuki Tcrrane of ophiolitic and volcanogenic rocks (line 6) from the Maitai and Murihiku Terranes 
which are combined as one (5), and it is suggested that a major fault separates 5 from 6. 


which at the surface is filled mainly with coarse sedi¬ 
ments, and volcanics, of Middle Triassic age. The east¬ 
ern margin of the trough poses some special problems 
that were discussed above and are discussed again in 
the ‘Interpretations’ section of this paper where it is 
proposed that the Esk Trough is a northern equivalent 
of the Median Tectonic Zone in New Zealand. 


New Zealand 

The pre-separation rocks of New Zealand occur in a 
Western Province and an Eastern Province each of 
which is divided into distinctive subprovinces which 
on Figure 4 are termed terranes in conformity with 
New Zealand usage. 
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The term terrane (American spelling) is an abbrevia¬ 
tion of the terms suspect terrane, and displaced tec- 
tonostratigraphic terrane, the meanings of which 
have been discussed elegantly by Cooper (1987) with 
special reference to the ways in which they are used 
in New Zealand. There are different kinds of terrane. 
One is a province or subprovince that has moved in 
from an ocean to dock with a continent and to be 
joined to it (sutured), and another is a subprovince 
that has moved to a new position by sliding along a 
strike-slip fault such as the Alpine Fault of New Zea¬ 
land or the San Andreas Fault of California. All kinds 
of terrancs are exotic in relation to their neighbours 
in lithology or palaeontology or both. 

The Western Province of New Zealand consists of 
two subprovinces, termed terrancs, separated by the 
Anatoki Thrust. The greater part of the western or 
Buller Terrane is unfossiliferous but is commonly re¬ 
garded as Ordovician. In its eastern part it contains a 
fine Ordovician graptolitic sequence very similar to 
that of the Bendigo Zone of Australia. The close sim¬ 
ilarities were noted and studied in the nineteen-thir¬ 
ties by VV.N. Benson who had been an Australian 
geologist and R.A. Keblc who was a specialist in 
Victorian graptolites at Museum Victoria (as it is 
now named). The stratigraphy and the successions of 
Ordovician graptolite stages and zones in Australia 
and New Zealand have since been studied closely by 
Cooper (1975, 1989, 2004), the last paper referring 
to ‘Australasian graptolite Ordovician stages’, all 
with original Victorian names. Cooper and Tulloch 
(1992) have discussed relationships to the Lachlan 
Fold Belt. 

The easterly or Takaka terrane of the Western Prov¬ 
ince contains a volcanic pile like parts of the Cam¬ 
brian Heathcote Volcanics in Victoria (Fergusson & 
VandenBerg 2003; Crawford et al. 2003; Munker & 
Crawford 2003). In New Zealand the Cambrian vol¬ 
canics pass eastwards to thick but unfossiliferous 
sediments that are presumed to be Ordovician and 
Silurian, and they pass to fossiliferous Lower Devo¬ 
nian. These rocks could be correlatives of those in 
the Melbourne Trough. It is proposed that they were 
deposited in an Ordovician and Silurian interarc 
basin like their apparent correlatives in Victoria, 
but a correlative of the eastern Mount Wellington 
Volcanic belt is missing and is considered to have 
been removed in a Late Carboniferous continental 
truncation that is discussed under the heading 
‘Interpretations’. 


The boundary between the Western and Eastern 
provinces in New Zealand has been intriguing or puz¬ 
zling for many years, and was first named Fyfe’s Line 
in 1941 shortly before the Alpine Fault was recog¬ 
nised over its full length. It was much discussed but 
H.E. Fyfe was overloaded with wartime work on coal¬ 
fields and did not publish an account of his line. 
It was independently rediscovered much later and 
named the Median Tectonic Line (MTL), which was 
expanded to the Median Tectonic Zone (MTZ) for 
which the name Median Batholith has been substi¬ 
tuted (Mortimer et al. 1999a, b; Kimbrough et al. 
1993). There is a large literature about all of them. 
They provide a problem similar to the boundary prob¬ 
lem between the D'Aguilar sequence of Queensland 
and the Esk Trough rocks. At Lake Tc Anau and near 
Nelson City, this similarity is particularly strong be¬ 
cause Late Carboniferous plutons on the western side 
of the MTL are near to very different Permian volcan¬ 
ics of the Brook Street Terrane on the eastern side. 

Brook Street Terrane (Johnston & Stevens 1985; 
Spandleret al. 2005) includes Permian basaltic flows 
and pyroclastics indistinguishable from some of 
those in the Highbury Volcanics of the Gympie 
Group. The Brook Street rocks are well developed 
along the eastern side of Longwood Range which 
was long ago, in 1943-44, mapped by the writer for 
the Geological Survey (The map was draughted for 
publication which did not occur because the writer 
had gone on Army service, but the original of the 
map is held by IGNS although the accompanying 
text was lost). At Riverton and in Longwood Range 
the lavas and agglomerates, which include ankara- 
mites (converted to spilites) are overlain by thick fel- 
sic tuffs (mainly daciles converted to keratophyres). 
In the same way the Highbury Volcanics at Gympie 
are overlain by the felsic tuffs of Rammutt Formation 
in which most of the Gympie gold deposits are found. 
In the tuffs of Longwood Range the writer found 
many gold workings, including uncovered shafts, 
hidden in the rainforest but they are now forgotten 
because none of them became important mines. 
(They might be workable today). The volcanics are 
intruded by layered plutons that arc mainly gabbroic 
and noritic in Longwood Range and in Bluff Penin¬ 
sula (Price et al. 2006; Spandlcr et al. 1998). 

Takitimu Range, to the north of Longwood 
Range, and separated from it by the Ohai Coalfield 
graben, is very different. It has a sequence of arc- 
flank or intra-arc volcanics and sediments apparently 
14 km thick (Houghton, 1981, 1985; Houghton & 
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Landis 1989). The line of volcanoes that formed the 
overall Brook Street Terrane presumably changed 
along strike at widely-spaced eruption centres and 
along their flanks, and each volcano would have 
changed with time. The later eruptions seem to have 
been mainly felsic dust clouds that might have ex¬ 
ceeded the earlier basaltic rocks in volume (cf. 
Walker 1981). They are taken to have been the source 
of much of the Maitai Supergroup and the Kin Kin 
beds (and perhaps even the Bunya Phyllite and its 
correlatives, and even the the protolith of much of 
the Otago Schist). 

The Maitai-Murihiku Basin above the Brook Street 
Terrane contains two layers (Turnbull 2000; Turnbull 
& Allibonc 2003; Suggatc ct al. 1978). The lower 
layer, the Maitai Supergroup, was named for the 
Maitai River east of the city of Nelson and has been 
the subject of detailed studies by many workers, in¬ 
cluding the writer, in both the Nelson district and in 
the southern part of South Island. It has been a life¬ 
long interest of J.B. Waterhouse, who has empha¬ 
sised its biostratigraphy and published many papers 
on it, including a major work (Waterhouse 2002). He 
is one of the few who have worked on Permian rocks 
in both Queensland and New Zealand, along with 
one of his former students, W.J. Sivcll, and both of 
them, following the writer (Harrington 1974, 1983, 
1987), have compared Permian and Early Triassic 
units of the two regions. One of the Maitai units, the 
Grcville Subgroup, is characterised by green and 
grey laminites and is in part similar to the Kin Kin 
beds for which Waterhouse (2002: 136) ‘suggests an 
age of late Scythian and Anisian, which would be ap¬ 
plicable to most of the Oreville Subgroup’. Waiua 
Formation is above Cireville Formation and consists 
of similar laminites but they are in pairs that are red 
and green, which makes the formation a useful 
marker unit. Like those of Grcville Subgroup the 
Waiua laminites in thin section show numerous vitric 
shards, and the writer considers that those in the 
green layers were erupted in water and those in the 
red layers were part erupted in air and oxidised at the 
same time. It seems possible that all of the laminites 
were formed from huge eruptions of dust from Brook 
Street volcanoes. Given the massive volume of the 
laminites it is possible that in their evolved states the 
Brook Street volcanoes erupted felsic and explosive 
magmas until the end of Waiua deposition in the Mid 
Triassic (Anisian or possibly early Ladinian). 

Above the Waiua laminated sediments there is a 
dramatic change to Stephens Subgroup which is over 


2 km thick, and is usually considered to be Olene- 
kian and Anisian. (late Early Triassic and Early Mid¬ 
dle Triassic), but it contains allochthonous Late 
Permian and Early Triassic faunas. It is a strange 
unit, and its origin and tectonic significance are dis¬ 
cussed later. It is compared later with Brooweena 
Formation of south-east Queensland. 

There is now a digression to mention two nomenclat- 
ural matters in the naming of the main parts of the 
filling in the Maitai-Murihiku Basin. The first is that 
traditionally the lower 6 km from Stephens Subgroup 
down to the top of the Dun Mountain Ophiolite were 
named Maitai Group or Supergroup, but the lower¬ 
most units were later separated and given the name 
Lee River Group and other names. The upper part of 
the basin filling above Maitai Supergroup consists of 
Triassic and Jurassic rocks and has been named 
Murihiku Supergroup, but that supergroup was ex¬ 
tended by Campbell et al. (2003) to include Permian 
rocks on the south side of the basin, the Kuriwao 
Group. In this paper the writer maintains later that 
the traditional Murihiku Supergroup was deposited 
only after a major tectonic event in the Early and 
Middle Triassic, namely the suturing of the Austral 
Arc to the continent. That event marked the end of 
volcanism in a major Austral Volcanic Arc, and the 
beginning of foreland rift volcanism that sent entirely 
different sediments into the Maitai - Murihiku Inter- 
arc Basin. Therefore the proposal by Campbell ct al. 
(2003) to include Kuriwao Group in Murihiku Su¬ 
pergroup is not adopted here. The second matter is 
that high in the Mesozoic in North Island Kear and 
Mortimer (2003) recognised a widespread break and 
the rocks above it were separated from Murihiku Su¬ 
pergroup and named Waipa Supergroup. The uncon¬ 
formity under them is similar in age to the 
unconformity above the Tiaro Coal Measures in 
Queensland (Table I). It could record an early phase 
of the extension and separation ofZealandia from its 
parent continent. 

The standard description of the Murihiku Super¬ 
group treats it as a distinct terrane (Ballance & 
Campbell 1993) but it is simply part of the Maitai - 
Murihiku Basin and is not regarded here as a sepa¬ 
rate terrane. It consists of 9 to 15 km of sediments of 
Middle Triassic to Late Jurassic age (Jersey & Raine 
1990). It extends along strike for 1000 km in New 
Zealand and there are correlatives in New Caledonia 
a further 1500 km to the northwest. The sediments 
arc dominantly volcaniclastic sandstones and mud- 
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stones, but there are occasional conspicuous 
shellbeds that receive a lot of attention, and there are 
tuffs, plant beds, concretionary layers, and some 
thick conglomerates with large granitoid boulders. 
More attention has been given to biostratigraphy 
than lithostratigraphy, but geochemical work has 
shown that the volcaniclastic components, at least in 
New Zealand, were highly felsic in the Middle to 
Late Triassic and there was then an increase in an¬ 
desitic material until the Late Jurassic when the de¬ 
tritus (now in Waipa Supergroup) became more 
varied from basaltic andesitic to rhyolitic, and there 
were variations along strike (Roser et al. 2002; 
Briggs et al. 2004). There is evidence for periods of 
nondeposition in the basin but no angular discord¬ 
ances have been noted except in North Island under 
the Late Jurassic Waipa Supergroup, which is sur¬ 
prising in such a considerable thickness. There are 
some volcanics and shallow intrusives, all put in the 
Park Volcanics Group of Late Triassic to Early 
Jurassic age (Coombs et al. 1992. 1996). In the latest 
Triassic there was extensive volcanism in the north¬ 
ern Esk Trough, and a really major event of conti¬ 
nental extent in Australia, a change from tectonism 
and erosion to the initiation and deposition of the 
Erontanga Basin (Great Artesian Basin) and its 
satellites. 

The Maitai-Murihiku Basin has a width up to 
150 km and forms a great regional syncline that was 
largely unaffected by deformation until the Late Cre¬ 
taceous and Cenozoic. In the Late Cretaceous the 
Ohai graben and coalfield formed between Long- 
wood and Takitimu Ranges in southern South Island, 
but that extension had no known major effect on the 
Murihiku rocks. The graben is similar to extcnsional 
rifts that formed at several places in South Island as 
Zealandia broke away from Australia and Antarctica. 

In the Ncogene there was remarkable destruction of 
parts of the Murihiku Basin but only in a wide zone 
on both sides of the the Alpine Fault where it was 
sliced into fault strips and most of it disappeared. In 
the Hollyford and Pykc valleys that Neogcnc defor¬ 
mation was so intense that the Murihiku Basin was 
reduced in width to metres and even zero. It is star¬ 
tling to see that a wide part of a basin can disappear 
in that way. It has provided an opportunity in discus¬ 
sions for people to sketch entertaining unpublished 
tectonic models both amusing and serious. (It is sug¬ 
gested later in this paper that another older and quite 
separate unit, the Breakaway Continental Terrace, 
was partly destroyed much earlier, in the Middle 
Trassic, but by arc-continent collision). 


The Dun Mountain-Patuki Ophiolite or Belt 
(Sivcll 2002; Sivell & Waterhouse 1988) is normally 
tied to Maitai Supergroup as one terrane but in this 
paper they are treated as two because a previously 
unrecognised fault is held to occur between them. 

The Dun Mountain-Patuki Terrane is treated here as 
separate from the Maitai-Murihiku Terrane. It has 
been discussed in some detail by Waterhouse (2002), 
and it is sufficient to state that it consists of lenses 
and pods of serpentinite (and dunite) with thick in¬ 
terleaved and folded basalt and serpentinite mixtures 
(Johnston 1981). There is evidence that the volcanics 
include rocks of Early, Middle and Late Carbonifer¬ 
ous ages (Sivcll & McCulloch 2000; Waterhouse 
2002: 124) and there are high- precision uranium- 
lead ages that are between 275 and 285 Ma, Early 
Permian (Kimbrough et al. 1992). The belt is over- 
lain on the west by the Lee River Group of volcanic 
breccia and other sediments, some of which the 
writer has assessed in part as talus and wash and de¬ 
bris flows lying on a fault surface in the Dun Moun¬ 
tain-Patuki Terrane. Bishop et al. (1990) have also 
identified some of the massive units as submarine 
debris flows. The writer considers that they lie non- 
conformably on the main extensional fault forming 
the back-scarp of the Maitai Murihiku Basin. 

Copies Terrane is to the east of Dun Mountain-Patuki 
Terrane in South Island. At the contact in northern 
South Island there are some fault complications that 
need not be discussed here, but in southern South Is¬ 
land the situation is simpler and the terrane is sepa¬ 
rated from Caples Terrane by the Livingstone Fault, 
first named the Macpherson Fault because E.O. 
Macpherson proposed it. To the east of it Caples Ter¬ 
rane consists mainly of Late Paleozoic volcanogenic 
sediments derived from a relatively evolved calc-al- 
caline arc (Turnbull 1979,2000; Turnbull & Allibone 
2003; Roser etal. 1993; Rattenbury et al. 1998). It is 
regarded as an arc-flank of the Dun Mountain-Patuki 
half-arc merging northeastwards into a back-arc. 
Parts of it have been converted into the spectacular 
Otago Schist. The schist in turn passes northeast¬ 
wards supposedly into Torlesse Terrane. The passage 
seems to be gradational and has been considered to 
hide the junction between the Caples and Torlesse 
Tcrrancs but the gradation might be deceptive and 
the junction could be entirely in Caples Terrane. A 
part of the schist might have formed from special 
tufTaceous lithologies in Caples Terrane much as 
schist has formed from Bunya Phyllite layers in the 
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D’Aguilar sequence near Brisbane. If so, the schist is 
less of a mystery. There could be a real break higher 
up between the Caples and thcTorlesse as discussed 
below, but it has not yet been recognised in the field. 

Torlesse Terrane forms large areas of mountainous 
country in both North and South Islands and is prob¬ 
ably extensive in Chatham Rise. Much of it consists 
of turbidite deposits of quartzofeldspathic greywacke 
and argillite deposited in slope and fan environments 
(MacKinnon 1983; Mortimer 1993, 1995; Suggateet 
al. 1978). The ages of the rocks have been deter¬ 
mined from infrequent scattered fossils, and by iso¬ 
topes (Adams 2003; Adams & Maas 2004), and 
surprisingly fall into two distinct groups, late Mid 
Triassic to late Triassic in the south in Rakaia Sub- 
terrane, and Late Jurassic to Early Cretaceous in the 
northern Pahau and Waipa Subterranes. In the part 
mapped as Rakaia Subtcrrane there are areas of Car¬ 
boniferous sediments, and areas of Permian, all of 
which are different from typical Rakaia rocks. The 
writer considers that they are distal parts of Caples 
Terrane. Indeed Adams (2004; 213) stated that ‘Early 
Triassic fossils have not been found in the Torlesse 
Supergroup and there might be a real stratigraphic/ 
structural break between Late Permian and Middle 
Triassic rocks, although this has never been recog¬ 
nised'. Later in this paper it is suggested that the ab¬ 
sence of Lower Triassic rocks is a result of the 
docking of the Austral Arc with Australia, and the 
docking should have caused a change the location of 
which has not yet been recognised in the field. The 
docking allowed a flood of new and very different 
Torlesse sediments to be deposited on top of the Ca¬ 
ples sediments. (It also allowed the change from 
Maitai to Murihiku sediments). The Torlesse sedi¬ 
ments should contain zircons with a much wider 
range of ages than those in Caples sediments. 

The source of the sediments of the Rakaia Subterrane 
has been the subject of considerable debate. J.D. 
Bradshaw has advocated that they were derived from 
Antarctica (cf. Wandres & Bradshaw 2005). Adams 
(1996) has long advocated an origin from northeast 
Australia and particularly from the New England 
Orogen. Roser and Korsch (1999) however concluded 
that their geochemistry makes it unlikely that they 
were derived from the New England Orogen (or the 
Hodginson Orogen of northern Queensland) as pres¬ 
ently exposed. The present writer considers that 
Adams was correct, but with the modification that a 
large part of the Torlesse was in reality derived not 


from the New England Orogen but from the great 
Sydney-Bowen Basin from which 4 to 5 kilometres of 
sediments were eroded in just the right time interval. 
The evidence is that Late Permian high-rank coals 
that formed at depths of 4 to 5 km in the Bowen Basin 
are today exposed at the surface in huge open-pit 
mines up to 20 km long, and are overlain unconform- 
ably by the latest Triassic and Jurassic sediments of 
the Surat Basin (Harrington 1990; Ward et al. 1995). 
The erosion must have occurred therefore in the Mid 
and Late Triassic which is also the age of the Rakaia 
Subterrane. The Sydney-Bowen Basin is roughly 
equivalent in area to the Rakaia Subterrane and was 
originally greater, when its higher coal measures ex¬ 
tended eastwards across the New England Orogen. 
Coals are actually worked on top of the orogen north 
of Invcrell and when they were formed the erosion of 
the New England Orogen must have been minor. Cor¬ 
relatives of the Sydney-Bowen Basin occur in eastern 
Australia from Cape York Peninsula to Tasmania 
(Harrington et al. 1990) and all were eroded at the 
same time. No sediment eroded in the Triassic from 
the Sydney-Bowen Basin or its correlative basins has 
been found to the west, and so it must have gone to 
the east to be included in Rakaia Subterrane. 

Some of the Subterrane was certainly derived 
from Antarctica indirectly as debris that was carried 
by Permian ice sheets and was then reworked into the 
Sydney-Bowen Basin and some southern Permo-Tri- 
assic basins (Brakcl & Tottcrdcll 1992). After the ice 
disappeared it is likely that further sediment was 
contributed directly because some rivers continued 
to flow into southern Australia where their beheaded 
valleys are still the main drainage channels in the 
southern half of Western Australia. How Antarctica 
was affected by the Middle Triassic deformation that 
accompanied the suturing of the Austral Arc is out¬ 
side the scope of this paper except for noting that the 
Median Tectonic Zone (or Batholith) is in Thurston 
Island in West Antarctica, and that implies consider¬ 
able deformation followed by erosion. That indicates 
that the Rakaia Subgroup contains sediment from 
both eastern Australia and Antarctica. A direct con¬ 
tribution from South America is ruled out by the 
Thurston Island rocks which show that the Pacific 
Ocean existed when they were formed. 

New Caledonia 

New Caledonia (Fig. 5) is similar in size to Gympie 
Province, 400 km long by 50 km wide, and has been 
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Fig. 5. Geology of New Caledonia in outline. Rocks correlated with Maitai-Murihiku Terranc of New Zealand crop out 
in the coastal Miondou district roughly 70 km north-west of Noumea. The Central Chain contains equivalents of the New 
Zealand Caples Terrane, and an ophiolite belt. The letter M marks Miocene reefs. Reproduced from Black (1993) with 
permission. 


studied in detail by French geologists (Paris 1981) 
and by economic geologists concerned with nickel 
mining. Some geologists from New Zealand, includ¬ 
ing a team from the University of Auckland, have 
made comparisons with New Zealand (Lillie & 
Brothers 1970; Black 1996). The Paleozoic and Mes¬ 
ozoic rocks of interest in the present account are in 
the middle of the island in a region about 180 km 
long which is divided by a major fault into a coastal 
district and a Central Chain. 

In the coastal Moindou-Teremba district Camp¬ 
bell et al. (1985) studied 3000 m of Permian to 
Jurassic strata which they divided into two groups. 
The lowest exposed rocks of the Teremba Group are 
basaltic and previous workers, including the writer, 
made the mistake of correlating them directly with 
the Brook Street Group of New Zealand and the 
Highbury Volcanics of Gympic. The three occur¬ 
rences in three countries were taken to form a ‘Brook 
Street Triangle’ and there were many attempts to ex¬ 
plain it in coffee room discussions and at confer¬ 
ences. Waterhouse and Sivcll (1987) did publish their 


conclusion that the occurrences in New Zealand and 
New Caledonia required major strike-slip faulting or 
some other major tectonic movement to separate 
them from the Gympie occurrence. The writer how¬ 
ever has realised that the Brook Street and Gympie 
occurrences are on the west side of the Maitai-Muri¬ 
hiku Basin, and the New Caledonia basaltic rocks 
are on the east side of that interarc basin (see later), 
and strike-slip faulting is not required. The apparent 
‘triangle’ was misleading. 

The Late Permian basaltic rocks of the Teremba 
Group arc covered by sediments and then dacitic vol¬ 
canics and are followed by the Moindou Formation 
(Campbell et al. 1985: 22: Waterhouse 2002: 155) 
which has been assigned to the Lower Triassic 
(Campbell & Bando 1985) though Waterhouse in¬ 
clines to Middle Triassic. 

There is a faunal gap, presumably recording the 
end of the Austral Arc, before the start of the next 
higher Baie de St. Vincent Group, a Late Triassic to 
Early Jurassic sequence, Norian to Sinemurian, of 
1000 m of volcaniclastic sediments equivalent to part 
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of the Murihiku Supergroup of New Zealand (Camp¬ 
bell et al. 1985; Grant-Mackie et al. 2000). The 
Monotis biostratigraphy in New Caledonia is espe¬ 
cially useful for correlations with New Zealand 
where Monotis Broun, 1830 is an iconic fossil. 

In the Central Range to the cast of the West Caledo¬ 
nia Fault (the existence of which is debated) there are 
quite different thick deep-water volcanogenic sedi¬ 
ments placed in the Central Chain Terranc which is 
also named Boghen Terrane (Paris 1981; Black 1993; 
Campbell 1994; Aitchison et al. 1997). In the Central 
Range there are ophiolites and serpentinites scattered 
over a belt 180 km long and recalling the Dun Moun- 
tain-Patuki terranc in New Zealand, but not necessar¬ 
ily a direct extension of it. The largest ophiolitc mass 
in New Caledonia, the Koh ophiolite, 20 km long and 
5 km thick, has been studied in detail by Meffre et al. 
(1996), who found that it includes cumulate gabbros, 
tholeiitic basalts, boninitic volcanics, dacites and fine 
vitric tuffs. The rocks to the east of the ophiolite can 
be correlated with Caplcs Terrane. Those to the west 
of it are of uncertain affinity, and might be correla¬ 
tives of the Maitai Supergroup, but that has not been 
established. If they are Maitai correlatives it is sug¬ 
gested that they are separated from the Koh Ophiolitc 
belt by a Permian major extension fault equivalent to 
a proposed fault in New Zealand, between the Dun 
Mountain-Patuki rocks and the Maitai. 


GEOLOGY OF SUBMERGED REGIONS 
Northwest of New Zealand 

Norfolk Ridge is topographically rather like a sub¬ 
merged extension of North Island. There are faults 
dividing it into segments (Gaina et al. 1998; Norvik 
ct al. 2008) but for simplicity they are not shown on 
Figure 2 which is schematic. 

In northern North Island the Waipapa Terrane 
has parts that could be segments of Caples Terrane. 
The Waipapa contact with the Dun Mountain-Patuki 
Terrane to the west is buried under younger rocks but 
can be located and mapped by using the Stokes Mag¬ 
netic Anomaly System (Wellman 1973; Hunt 1978; 
Davey & Christoffel 1978; Korsch & Wellman 1988: 
436; Sutherland 1999). This very useful set of anom¬ 
alies was discovered at Nelson City by Captain (later 
Admiral) John Lort Stokes who was on the Beagle 
with Darwin and later made valued charts of north¬ 
ern Australian waters. Wellman (1973) used aero- 


magnetic surveys to trace the Stokes Anomaly system 
for about 2500 km from near Norfolk Island south- 
wards through New Zealand into Campbell Plateau. 
It has not been recognised north of Norfolk Island 
but might be found over the Koh Ophiolite of New 
Caledonia. In New Zealand one of the strongest posi¬ 
tive anomaly lines is over the Dun Mountain Belt, 
possibly because its serpentinites contain dissemi¬ 
nated magnetite grains; and that line is officially 
termed the Junction Anomaly, but the name Dun 
Mountain Anomaly is perhaps more apt. It is the 
most obvious of a set of magnetic lines used to assist 
long-distance mapping. 

The Permian and Mesozoic rocks of western New 
Caledonia and New Zealand have been joined along 
Norfolk Ridge (Black 1993, 1996). By extension of 
that correlation, the w'ritcr suggests that the Dun Moun¬ 
tain Ophiolite and the Caples rocks taken together can 
be joined to the Koh Ophiolite and the Main Range 
Terranc in New Caledonia (Meffre ct al. 1996). 

Urn! Howe Rise. Just as Norfolk Ridge is like an ex¬ 
tension of North Island so Lord Howe Rise is like an 
extension of South Island and it has been stretched 
laterally to produce lengthwise basins (Exon et al. 
2007; Hill & Bcrncckcr, 2001; Norvik ct al. 2008) 
and is cut into segments by cross-faults (Gaina et al. 
1998). On Figure 1 Brook Street Terrane of South Is¬ 
land has been joined schematically through Lord 
Howe Rise to Gympie Group and the D’Aguilar se¬ 
quence in southeast Queensland. Brook Street Ter¬ 
ranc in Takitimu Range, New Zealand, includes an 
arc-flank or intra-arc sequence some 14 km thick that 
is different from the D’Aguilar sequence of southeast 
Queensland but can be broadly correlated with it in 
terms of age and depositional environment. 

It is proposed that there are two major volcanogenic 
terranes in the submerged region, the Dun Moun¬ 
tain-Patuki Arc in the cast and the Brook Strcet- 
Gympie Arc in the west, and it is proposed here that 
they arc separated in Lord Howe Rise and Norfolk 
Ridge, as they are in New Zealand, by the Maitai- 
Murihiku Basin. The basin has been extended and 
broken into segments, and superficially that makes it 
look much wider than it is, especially in the north. 
An edge of the basin occurs onshore in New' Caledo¬ 
nia. Another wider edge appears onshore in south¬ 
east Queensland, and consists of the Kin Kin beds, 
North Arm Volcanics and the Nantbour-M ary bor¬ 
ough Basin. In Queensland those rocks are exposed 
over an area 350 km long and up to 75 km wide, with 
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Table 1. Some Mesozoic units in southeast Queensland 


Unit 


Environment 


Burrum Coal Measures 
Maryborough Formation 

Disconformity 
Graham Creek Formation 

Unconformity .. 

Tiaro Coal Measures 
Myrtle Creek Sandstone 


Delta Plain 
Marine Shelf 


Volcanics and ring plain deposits 


Coal basin 

Quartzose channel sands, shale 


Erosion —. 

North Arm Volcanics Volcanics 

Unconformity 

Brooweena Formation Post-deformation fanglomerate 

marine mudstone 


Age_ 

Aptian - ?AIbian (Late Cretaceous) 
Aptian 

140 Ma, top Jurassic 


?Early - Mid Jurassic 
No fossils 

?Latest Triassic to earliest Jurassic 


Late Triassic (Carnian?) 
Ladinian (?) 


Unconformity 

Kin Kin beds Interarc basin Early Triassic and ?Late Permian 


a wide submarine extension out to the COB (Conti¬ 
nent - Ocean boundary). The sediments are mainly 
of terrestrial and paralic facies. The Brooweena For¬ 
mation. mentioned earlier, is a special unit, probably 
late Anisian and early Ladinian, Middle Triassic. of 
post-suture fanglomerate and marine mudstone un- 
conformable on Gympic Group, and crops out only 
to the north of the Gympie inlier. To the south of the 
Gympie Inlier there are crosional remnants of the 
Carnian and Norian, Late Triassic, North Arm Vol¬ 
canics, which contain gold workings and gold pros¬ 
pects. The most detailed account of them is probably 
that by Cranticld et al. (1996). They are one of the 
likely sources for some of the volcanogenic sedi¬ 
ments of the Murihiku Basin generally. 

Nambour Basin overlies them south of the Gympie 
inlier, and the Maryborough Basin overlies them 
north of it (Murphy et al. 1987; Cranfield 1993, 
1994; McKellar 1993). These two basins merge off¬ 
shore as shown by oil company seismic work and 
drilling. In the onshore sections there arc facies 
changes along strike and the rock units have different 
names in each basin. The lithostratigraphy of the 
northern basin is set out in Table 1. The Marybor¬ 
ough Basin is folded, with deformation increasing 
eastwards to the COB (Continent-Ocean Boundary) 
and the Whitsunday Magmatic Belt of Harrington 
and Korsch (1985a: 190, 192). The latter has been 
described by later authors (Harrington 1990; Ewart 
et al. 1992; Bryan et al. 1997). The belt was named 


for the offshore Whitsunday Islands, but is extensive 
on the mainland and judging from the volume of ash- 
fall material forming the upper half of the Great Ar¬ 
tesian Basin, and occurring in basins along the south 
coast of Australia, it was possibly the second- largest 
magmatic belt ever to occur in Australia. Under the 
name Cordillera Zealandia it has been extended to 
New Zealand and West Antarctica by Tulloch and 
Kimbrough (2003). 

There are several other Queensland basins that are 
not discussed here but they are described by Korsch et 
al. (1988, 1989) and Wells and O’Brien (1994). 

Region east and southeast of South Island 

Chatham Rise (Figs I & 2) is roughly the size of 
South Island but the only exposures of it are in 
Chatham Islands. There have been some drillholes in 
the Rise and some dredge samples have been ob¬ 
tained. The exposed basement rocks are Chatham 
Schist which all observers have correlated with 
Otago Schist with which it shares a Jurassic meta- 
morphic age determined radiometrically. It was 
therefore probably formed from Caples Terrane or 
even possibly some of the greywacke assemblage of 
the Mid and Late Triassic Rakaia Subterrane. 

Campbell Plateau which is south of the Cretaceous 
Bounty Trough is even bigger, as big as southeast 
Australia, and is a difficult place for marine work be- 
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cause it is in the ‘Roaring Forties and Furious Fif¬ 
ties’. Oil exploration has been described in major 
reports by 1GNS, but only two references are given 
here (Cook 1981; Robinson & Davey 1981). Very 
small parts of it are exposed near its margins in the 
Subantarctic Islands of New Zealand. Of these the 
Bounty Islands, little more than rocks 400 km east of 
South Island, contain granite of latest Jurassic age, 

182-189 Ma (Adams & Cullen 1978), which is a cor¬ 
relation puzzle. The granite might be equivalent to 
intrusions that extend into the Bowen Basin as part 
of the Whitsunday Magmatic Belt, as mentioned ear¬ 
lier. Bradshaw et al. (1996) included it in the Median 
Tectonic Zone and if that is correct the Brook Street 
Terranc is to the north of it, and if it is incorrect the 
Brook Street Terrane would be further south. There 
is also argillite of Late Triassic age, 227 and 228 Ma 
(Adams & Cullen 1978), which indicates a correla¬ 
tion with Rakaia Subterrane, which would mean that 
Brook Street rocks are indeed to the south of them. 
The Antipodes Islands have no exposed pre-Ceno- 
zoic rocks. Campbell Island far to the south has 
schist that is always considered to be Ordovician and 
part of Buller Terrane. Auckland Islands near the 
western edge of the plateau have a basement of Cre¬ 
taceous granite, 93 Ma (Denison & Coombs 1977) 
that would be part of Cordillera Zealandia. 

As rock exposures on the plateau are so sparse it 
is fortunate that the Stokes Magnetic Anomaly Sys¬ 
tem has been followed into it for 150 km, and in¬ 
cludes the Dun Mountain Anomaly (Junction 
Anomaly). A number of workers have extended that 
anomaly right across Campbell Plateau (Wellman 
1973; Davey & Christoffel 1978; Hunt 1978; Kamp 
1986; Korsch & Wellman 1988:437 and Fig. I). 
Christoffel proposed that it is displaced dcxtrally for 
about 330 km on a Campbell Fault which is suppos¬ 
edly about 150 km offshore from South Island and 
parallel to it and to the Alpine Fault. There has been 
agreement that the fault exists, but uncertainty about 
its position, probably because the plateau was broken 
into blocks, basins and troughs when it separated in 
one direction from East Antarctica, and in a second 
direction when it separated from the West Antarctic 
rift system, which includes the Ross Sea. at about the 
same time as the southern Tasman Sea opened. It is 
not surprising that Sutherland (1999) found a con¬ 
fused pattern of magnetic anomalies in the central 
part of the plateau. They trend in the same direction 
as the Campbell Fault of Christoffel. 

Subsequently Sutherland and Hollis (2001) 
mapped magnetic anomalies in the Pacific Ocean 
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east of Campbell Plateau. They used them to inter¬ 
pret interactions between not only the large Pacific, 
Phoenix and Farallon plates but between the smaller 
oceanic Hikurangi. Moa, Bellingshausen and Aluk 
plates. It might be that those interactions, still partly 
speculative because of sparse data, disturbed the 
continental magnetic pattern on Campbell Plateau. 

Nevertheless Rakaia Sub-terrane, and Caples 
Terrane with Otago Schist, do extend to Chatham 
Rise and northern Campbell Plateau, and the mag¬ 
netism of the Dun Mountain Belt has been followed 
part-way into the plateau. In addition it is decisive 
that two of the tcrrancs of the Western Province of 
New Zealand appear in West Antarctica. The appear¬ 
ance of the MTZ or Median Batholith in Thurston Is¬ 
land in West Antarctica is especially significant 
(Bradshaw et al. 1996; Mortimer et al. 1999b; Pan- 
khurst et al. 1998). It means that the New Zealand 
terranes do cross Chatham Rise and Campbell Pla¬ 
teau and are truncated at the edge of the plateau but 
reappear in West Antarctica. Therefore they are 
shown schematically on Figure 2. TakakaTerrane has 
not been found in West Antarctica and that might 
mean that it was removed when the Breakaway Zone 
formed (see below). 

INTERPRETATIONS 

Once a schematic geological map of the exposed and 
submerged regions has been constructed and de¬ 
scribed it is possible to make some interpretations of 
the geological evolution of the total region. 

Displacements of East Antarctica, Tasmania and the 
Western Province of New Zealand relative to Victoria 

The full history of movements on the boundary be¬ 
tween East Antarctica and Australia is beyond the 
scope of this paper and only two of the suspected 
movements were discussed earlier. First there was an 
eastward movement of Tasmania and East Antarctica 
relative to Victoria for a distance that is somewhere 
between 300 and 1100 km. As a relative plate move¬ 
ment it is probable but not proved that it occurred 
during the middle Devonian Tabberabberan Orogeny. 
The Bindian Orogeny at the end of the Silurian is a 
possibility. A reverse relative movement of East Ant¬ 
arctica for about 400 km occurred after the intrusion 
of a very long belt of Middle Jurassic Fcrrar doler- 
ites. This reverse movement occurred on a strike-slip 
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fault complex west of Tasmania, the AT Fault Com¬ 
plex (informal term), and left the island attached to 
Australia along with the South Tasman Rise. Despite 
the reverse movement Tasmania and East Antarctica 
remained close together until the Paleogene but the 
movement might have accompanied initial phases of 
the opening of the Ross Sea and the southern Tasman 
Sea and the detachment of Zealandia from the Aus- 
tralo-Antarctic continent. 


Late Carboniferous Breakaway Terrane 

Exposed and submerged parts of the Brook Street 
Volcanics, the D'Aguilar sequence and the Gympie 
Group, are indicated by a solid black line on Figure 
2. The western side of that line is in contact with 
rocks that are progressively older from north to 
south. Gympie Province in the north is in contact 
with Carboniferous and Permian sediments of the 
New England Orogen. From the map reconstruction 
it can be inferred that further south the Brook Street 
rocks in Lord Howe Rise arc near or in contact with 
the eastern part of Benambra Terrane of the Lachlan 
Foldbelt. In New Zealand Brook Street rocks are 
only about 40 km from equivalents of the Melbourne 
Interarc Basin of the central Lachlan Foldbelt. 
Benambra Terrane of the Lachlan Foldbelt is missing 
and it is about 250 km wide at full development 
(VandenBerg et al. 2000: 362), but it might not have 
existed south of the Gippsland ranges in Victoria. In 
Nelson Province the 40 km of space between the 
Brook Street and central Lachlan rocks is occupied 
by the Median Tectonic Zone which includes the 
Drumduan Terrane (Johnston et al. 1987). At best the 
apparent gap of 40 km could take only a small part of 
the New England Orogen which is normally about 
150 km wide. Admittedly the MTZ near Nelson is 
partly concealed below thick Cenozoic sediments 
and below the sea but it is clear that it was in contact 
to the west with correlatives in the eastern part of the 
Melbourne Intcrarc Basin. There is no room for the 
New England Orogen in the Nelson region unless 
perhaps a tiny isolated area of Pepin Group sedi¬ 
ments, only 2 km by 2 km in size, at Pepin Island 15 
km northeast of Nelson City is part of the NEO. 
Pepin Group is intruded by the tiny Late Carbonifer¬ 
ous Echinus Granite, 310 Ma, which is an NEO age, 
and allows the possibility that it is a fragment of the 
New England Orogen. There is another possible frag¬ 
ment far to the south across the Alpine Fault at 
Pomona Island in Lake Te Anau. Further south in 


West Antarctica even more of the Lachlan Fold Belt 
is missing, namely the Mt Wellington Volcanics 
(equals Takaka Terrane), Melbourne Interarc Basin 
and the Bendigo Zone, and equivalents of the Me¬ 
dian Tectonic Zone seem to be in contact with equiv¬ 
alents of the Stawcll and Buller terranes. 

This situation can be explained it it is postulated 
that a piece of eastern Australia and New Zealand 
(and West Antarctica) was removed in the latest Car¬ 
boniferous, at approximately 305 Ma, at the same 
time as the Sydney-Bowen Basin opened and became 
a wide failed rift (Harrington 1990). The part that 
was apparently removed can be termed tentatively 
Breakaway Terrene. It was about 3000 km or more 
long and could have been perhaps 150 km to 400 km 
wide. It might have been extended during and alter 
its detachment, like the present-day Lord Howe Rise 
has been, and if so it would have been submerged 
and would not have been a ‘Land’ but a submerged 
oceanic rise. Alternatively it might have been re¬ 
moved along a strike-slip fault system with an exten- 
sional component, or by rifting or both (like the 
present Baja California). Its present location is un¬ 
known. Colleagues who are palaeomagnetists have 
suggested in conversation that like other parts of 
Australia, it might have moved to central Asia, per¬ 
haps the Uzbekistan region, long before India moved 
to Asia. Another possibility considered by the writer 
is that it is in North America west of the Roberts 
Thrust in Nevada. The writer has tried to test those 
possibilities by field work in the Uzbekistan region 
and in California-Nevada but the field and literature 
jobs, and the costs, were too big to handle properly. 

(NOTE: The work was not wasted because there 
was a surprise when rocks very similar indeed to 
those of the Brook Street Volcanics and the Maitai 
Supergroup, and in part probably Permian and Early 
Triassic in age, were found in the Sierra foothills 
along the highways into Yosemite and on adjacent 
roads. Discussion of these rocks and their interpreta¬ 
tion is beyond the scope of the present paper, and 
only their occurrence is reported.) 

Breakaway Continental Shelf. The proposed Late Car¬ 
boniferous breakup of eastern Australia left a Breaka¬ 
way Zone or Line at the edge of Australia and the eastern 
edge of New Zealand’s Western Province. A prograda- 
tional continental terrace presumably grew eastwards 
from it and on its edge during the 70 million years be¬ 
tween Late Carboniferous and Middle Triassic, and it is 
termed tentatively the Breakaway Shelf and Terrace. 
Parts of it might be represented by the Marumba beds, 
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with its arc-flank, 9. The Esk Foreland Basin or Trough in Australia, 5, and the Median Tectonic Zone in New Zealand, 5, 
are separated from the West Austral Arc and arc flank, 6, by the Late Carboniferous Breakaway Zone and the Middle 
Triassic Austral Suture both shown by a thin single line, 5, beside line 6. The Rakaia part of the Torlesse sediments of New 
Zealand, 10, was derived from continental Australia-Antarctica alter the accretion of the oceanic Austral Arc at the Austral 
Suture. 
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Northbrook beds and Cressbrook Creek beds and most 
of it is presumably under the Esk Trough, (and might 
have been imaged by a long BMR seismic line just south 
of the region discussed in this paper). 

Austral Volcanic Arc System 

It was suggested above that the Brook Street-Gympie 
volcanic arc on the one hand, and the Dun Mountain- 
Patuki New Caledonia arc on the other hand, are 
parts of two half-arcs formed by longitudinal split¬ 
ting of a single Austral Volcanic Arc that began to 
form in the ocean (Haston et al. 1989) from Early 
Carboniferous time, or perhaps Late Devonian time 
(Ishiga 1990). It split into two ‘half-arcs’ longitudi¬ 
nally, with an interarc basin between them, in the 
manner recognised in classic papers by Karig (1970, 
1971, 1972, 1974) and elaborated by Marsaglia 
(1995) and many others, especially by people in¬ 
volved in deep-sea drilling projects. 

It seems that the Dun Mountain-New Caledonia 
part was the East Austral remnant arc, and the Brook 
Street-Gympie-D’Aguilar part was the West Austral 
Arc and was the active arc. They were separated by 
the Maitai-Murihiku-Waipa Interarc Basin which is 
mainly submerged. The total Austral Arc system 
lasted possibly 100 million years along with its fan 
or apron extensions around volcanic centres. The 
time of rifting is very uncertain. It could have started 
early in the Early Permian, or possibly in the late 
Early Permian (Kungurian) or early Late Permian 
(say at 265-275 Ma approximately), and the rifting 
could have taken a surprisingly short time of 500,000 
years or less. In Southland, New Zealand, the basin 
was asymmetrical, gently dipping on the Brook 
Street side and steeper and deeper to the east. The 
western side might have been a flexure, the eastern 
side was a fault, possibly listric. The lower part of 
Lee River Group was deposited nonconformably on 
that headwall fault which was cut through Patuki and 
Dun Mountain rocks. One of the best exposures of 
this relationship that has been seen by the writer is 
high on the eastern side of the Hollyford Valley north 
of Lake Harris and west of the head of the North 
Branch of Routeburn River (Bishop et al. 1990). 

In this scenario some of the Patuki volcanics 
were originally part of the ocean floor under the Aus¬ 
tral Arc and the Caplcs Terrane. The Dun Mountain 
ultramafics have been shown to be younger than 
some of the Patuki Volcanics and might have been 
intrusions during the rifting. They are interleaved 


with Patuki volcanics in a fascinating folded me¬ 
lange zone in southern D’Urville Island first mapped 
in detail by II.W. Wellman in 1941-42 (with the 
writer as a field assistant) for an unpublished war¬ 
time report on copper occurrences, and they were 
twice mapped again in north D’Urville Island by 
Waterhouse and by Sivell in Waterhouse (2002: 122- 
123). The folded melange might be a product of de¬ 
formation of ductile serpentinites during the rifting. 
The major gabbro-norite-layered gabbro Hekeia in¬ 
trusions of Longwood Range and Bluff Peninsula 
contain a small trondhjemite that has a U-Pb zircon 
age of 261 ± 2 Ma, mid Late Permian (Price et al. 
2006), which is of roughly the same age as the pro¬ 
posed rifting or somewhat younger. The lavas, ag¬ 
glomerates and tuffs into which the gabbros were 
intruded arc Permian Brook Street rocks containing 
an atomodesmid. a shell that commonly broke after 
death into easily recognisable scattered rhombs each 
about 3mm wide. The rocks are in simple sine-curve 
folds of NNW trend which were possibly formed 
during the rifting, and if so the rifting was presuma¬ 
bly oblique. That is likely because the folds do not 
occur in the Maitai rocks of the basin. They arc the 
oldest so far recognised in the Austral Arcs. 


Breakaway Continental Terrace 

The Breakaway Zone that formed at about 305 Ma in 
the latest Carboniferous must have had a continental 
shelf prograding from it into the ocean until the Mid¬ 
dle Triassic, and in those 65 or 70 million years it 
would have grown to a considerable but unknown 
width of perhaps 70 km, which is the width of the 
present-day shelf along New South Wales. It is sug¬ 
gested that exposed remnants of the Breakaway Shelf 
or Terrace might be the Early Permian Marumba beds 
and Northbrook beds on the eastern side of the Esk 
Trough, the Cressbrook Creek beds on the western 
side, and sediments imaged by a seismic line it little 
further south and described in BMR Bulletin 232. 

In New Zealand there are no rocks that have been 
recognised as part of a continental terrace though it 
is possible perhaps that some might occur on Pepin 
Island near the city of Nelson (see earlier). 

Austral Suture Zone 

The Austral Volcanic Arc System was oceanic and if 
the West Austral Arc was the active arc it was under- 
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lain by an east-dipping subduction zone consuming 
the oceanic lithosphere between it and the Mainland 
Australia-Tasmania-Ncw Zealand continent. An arc- 
continent collision occurred in late Anisian or early 
Ladinian time. Middle Triassic, at about 243-235 
Ma, creating the Austral Suture Zone. The collision 
zone was long and might have been diachronous but 
the dating of it does not allow that to be determined 
at present (Harrington & Korsch 1985b). 

In the collision it is suggested that the upper Aus¬ 
tral Arc plate was thrust over the lower continental 
plate flexing it downwards to produce a foreland de¬ 
pression in the position of the present Esk Trough. 

The Wratten Igneous Suite with ages of 307 to 
319 Ma is part of the continental plate and is at the 
eastern side of the Esk Trough, being in the eastern¬ 
most exposed part of the Late Carboniferous Breaka¬ 
way Zone. It is also under the westernmost exposed 
part of the Austral Suture, which means that expo¬ 
sures of the Breakaway Zone and the Austral Suture 
nearly coincide at this locality. Part of the Breakaway 
Zone might have been destroyed and part might ex¬ 
tend east under the overthrust Austral Arc, perhaps 
for a considerable distance if the Austral subduction 
zone had a low dip. 

It is proposed that in New Zealand the MTL is the 
local part of both the Breakaway Zone and the Austral 
Suture Zone. Exposures in New Zealand of the conti¬ 
nental plate close to Brook Street rocks of the West 
Austral Arc might include analogues of the Wratten 
Igneous Suite, namely the Late Carboniferous Echi¬ 
nus Granite near Nelson and a granitic area of similar 
age in the far south on Pomona Island in Lake Te 
Anau. No parts of the Breakaway Continental Terrace 
have been recognised possibly because in places 
where they might have occurred they were obliterated 
by younger plutonic intrusions, as in Darran Range 
along the western side of the Hollyford valley. 

Extension along and near the Austral Suture 

In the description of southeast Queensland earlier in 
this paper it was mentioned that a large and distin¬ 
guished Brisbane team had made an intensive study 
of the ‘strange’ interval between the top of the Mount 
Mia Scrpcntinitc and the small exposures of the 
Wratten Igneous Suite along the eastern wall of the 
Esk Trough. The team used the concepts involved in 
‘extension tectonics’ to interpret the rocks below the 
Mount Mia Fault as a metamorphic core complex 
exhumed in the Late Carboniferous. Their analysis 


assumed that the rocks of both the upper and lower 
plates of the extension system are parts of the New 
England Orogen. 

In the previous section of this paper it was pro¬ 
posed that the rocks of the Late Carboniferous Wrat¬ 
ten Igneous Suite really are part of the New England 
Orogen but are under the very different West Austral 
Arc which in the Middle Triassic was thrust over the 
Late Carboniferous Breakaway Zone and the Marumba 
beds. The loading caused the Breakaway Zone to be 
depressed to form the Esk foreland depression. The 
thickened crust presumably rebounded upwards iso- 
statically with several possible effects. One might have 
been some extension, but the metamorphic core com¬ 
plex of the Brisbane team is not accepted. A second 
effect of the overthrusting and the isostatic response to 
it was upward bending of the eastern part of the fore¬ 
land depression to turn it into the Esk Trough, and to 
raise the Wratten Igneous Suite into the exposure 
zone, partly by faulting. A third was igneous activity, 
caused conjecturally by decompression melting or by 
slab break-off in the subduction zone. The igneous ac¬ 
tivity produced the Mid Triassic sediments, and the 
andesitic and rhyolitic volcanics in the Esk Trough 
(formerly named Toogoolawah Group). 

The interpretation above is fairly standard for 
some foreland basins. An Australian example is the 
Dundas Trough in Tasmania (sec earlier description) 
which Crawford et al (2003: 396) attributed to load¬ 
ing and collapse of a Precambrian continental mar¬ 
gin by overthrust Precambrian and Cambrian rocks, 
with further collapse causing post-collision exten¬ 
sion and eruption of the Mount Read volcanics along 
with rebound and exhumation of the lower plate. 

In the writer’s interpretation the extensional fea¬ 
tures that do occur in the rocks on the east side of the 
Esk Trough were not formed in the Late Carbonifer¬ 
ous but in the Middle Triassic after the preceding 
overthrusting and perhaps during the postulated iso¬ 
static rebound. 


Esk Trough 

The valley on the western side of the D’Aguilar 
Range contains the Esk Trough which has a length of 
about 135 km and a typical width of 25 km. At its 
eastern and western margins there are areas of Per¬ 
mian rocks mentioned earlier and they are presuma¬ 
bly continuous under the interior of the trough. On 
the western side there is the high Yarraman Block or 
Subprovince consisting mainly of rocks of the New 
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England Orogen older than the Permian Cressbrook 
Creek beds (Cranfield et al. 2001; Willey 2000). 

The exposed rocks of the trough away from the 
margins have been termed for many years the Toolool- 
awah Group but Cranfield ct al. (2001) did not use 
that name at all, using only the names of formations. 
The main unit, Esk Formation, consists of approxi¬ 
mately 3 km of elastics deposited rapidly in an inter- 
montane terrestrial trough and derived partly from the 
mountains and partly from andesites. The Neara Vol- 
anics of Cranfield et al. (2001) are essentially andes¬ 
itic volcaniclastics with a variable total thickness of 
about 2 km after losses from erosion. Esk Formation 
and the Neara Volanics could be facies variants and 
might be overlapping in age. Miospores indicate Mid¬ 
dle Triassic ages, Anisian or Ladinian. The rocks were 
moderately folded before the deposition in the south 
of the latest Triassic and Jurassic beds of the Clarence- 
Moreton Basin (Korsch et al. 1988; Wells & O'Brien 
1944 ; Ward et al. 1995), and in the north by the Late 
Triassic Aranbanga Volcanic Group (Cranfield & 
Murray 1989) which is a flat-lying unit of basalt, dac- 
ite, rhyolite and sediments with a radiometric age of 
221 Ma, Camian or early Norian. 

At the northern end of the trough the eastern side 
is formed by the North D’Aguilar Block which is an 
anticlinorium that plunges gently NNW and dies 
away. It is intruded by north-trending plutons. On the 
northern and eastern sides of the block, and cast of 
the Esk Trough, the Late Triassic volcanics appear 
over a large area and are named Agnes Water Volcan¬ 
ics. They extend from Rodds Bay, 30 km south of the 
city of Gladstone, through the Town of 1770 (so 
named because Lieutenant James Cook landed 
there). They are approximate equivalents of the 
North Arm Volcanics and other units further south. It 
is assumed that they overlie the Brooweena beds be¬ 
cause the latter are more folded. The Esk Trough vol¬ 
canics and Aranbanga Volcanics could have been a 
continuous belt 380 km long extending to Rodds Bay 
but the belt is now crossed by the Perry, Electra and 
other Cretaceous faults associated with uplifted base¬ 
ment blocks that disrupt the continuity of the volcan¬ 
ics. Granitic plutons that are comagnetic with the 
volcanics occur in the Yarraman Block and the 
D’Aguilar Blocks, and are quite numerous. 

Median Tectonic Zone of New Zealand 

The Median Tectonic Line (MTL) of New Zealand 
forms the western boundary of the Brook Street Ter- 


rane and is the local representative of the Austral Su¬ 
ture and the Breakaway Zone. The region to the west 
of it for 5 to 40 km is termed the Median Tectonic 
Zone (MTZ). It is in the same geological position as 
the Esk Trough relative to the Austral Suture but it is 
harder to analyse for three reasons: it has been af¬ 
fected throughout by Cenozoic faulting and sedi¬ 
mentary deposition; much of it is hidden below 
Cenozoic basins and sea and lakes; and it has been 
overprinted and nearly obliterated by plutons of lat¬ 
est Jurassic and early Early Cretaceous ages forming 
most of the Whitsunday Magmatic Belt which trends 
into it obliquely (part of the Cordillera Zealandia). 
Nevertheless there are some remaining features that 
connect it with the Esk Trough. Close to the Ml L 
near Nelson City the Pepin Group of Pepin Island is 
intruded by the Echinus Granite with a radiometric 
age of 310 Ma, Late Carboniferous (Bradshaw 1993; 
Mortimer et al. 1997). Far to the south at Pomona Is¬ 
land in Lake Te Anau, and on Stewart Island, there 
are plutons of very similar ages. These rocks are all 
of similar ages to those of the Wratten Igneous Suite. 
It is possible therefore as noted earlier, that the Pepin 
Island rocks and their southern equivalents are very 
small remnants of the New England Orogen. 

Triassic rocks in the MTZ are restricted in area 
and are mostly intrusives, mainly dioritic, exposed 
locally in the D'Urville Island-Nelson region and in 
the far south, and have ages 230-195 Ma. Late Trias¬ 
sic to Early Jurassic. There are Jurassic conglomer¬ 
ates in which cobbles have similar ages. The 
intrusives were possibly connected to volcanic piles 
like those of the Esk Trough but if so the volcanics 
have been more deeply eroded in the MTZ. 

Attention has been focused recently on coastal 
exposures of intrusives in the southern end of Long- 
w'ood Range and in Bluff Peninsula (Price et al. 
2006; Mortimer ct al. 1999b). The main intrusive 
masses in both of those districts have SHRIMP U-Pb 
ages for zircons of 259 ± 4 Ma, Late Permian, and 
earlier in this paper those rocks were held to have 
been intruded at about the time the Austral Volcanic 
Arc split into the West and East Austral Arcs, or a lit¬ 
tle later. The western sides of the main intrusive 
masses were in turn intruded by younger rocks at 
245 Ma. late Anisian, early Middle Triassic, about 
the time of overthrusting and suturing of the Austral 
Arc and the slightly later intrusion of stitching plu¬ 
tons. They can be regarded as part of the MTZ. Still 
further west at 227-203 Ma, the intrusives are Car¬ 
man to Hettangian, Late Triassic to earliest Jurassic, 
which is the time of the Aranbanga, Agnes Water and 
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North Arm Volcanics, the beginning of the Erontanga 
Basin and the end of the Rakaia Subterrane. A dike 
has a latest Jurassic age, 142 Ma, and might be an 
early intrusion of the Whitsunday Magmatic Belt 
(Cordillera Zealandia). Dates obtained by earlier 
workers, or by other methods, are slightly different 
and are listed by Price et al. (2006: 49). 

The Esk Trough volcanics are accompanied by 
comagmatic plutons that intrude the D’Aguilar Block 
to the cast and the Yarraman Block to the west. Simi¬ 
larly the much younger Whitsunday Magmatic Belt 
has in Queensland a central zone of volcanics but 
they arc accompanied by a wider zone of plutons that 
extends 110 km inland to the Bowen Basin. The cen¬ 
tral volcanic belts of the Esk Trough and the Whit¬ 
sunday Belt are separated in southeast Queensland 
by the D'Aguilar Block and Maryborough Basin, a 
separation distance of about 1 10 km. They probably 
converged obliquely to the south because they over¬ 
lap in South Island. 

It seems to the writer that the MTL is essentially 
a composite feature consisting of the Late Carbonif¬ 
erous Breakaway Zone and the Middle Triassic Aus¬ 
tral Suture. They became a locus of reactivations in 
the MTZ. It should be regarded as a composite of 
three distinct features which include three sets of ig¬ 
neous rocks. The first feature is a basement of West¬ 
ern Province rocks with which a small part of the 
New England Orogcn and its Late Carboniferous 
plutons might be associated. The second feature is 
the Triassic Nelson - Waiau Valley Foreland Basin 
and it is the core feature and an analogue of the Tri¬ 
assic Esk Foreland Basin or even a continuation of it. 
The third feature is the unrelated Cretaceous Cordill¬ 
era Zealandia (Whitsunday Magmatic Belt), which 
over-printed and almost obliterated thcTriassic basin. 
The MTZ was subsequently divided into the north¬ 
ern Nelson section and the southern Waiau Valley 
section by Neogcne movement on the Alpine Fault. 
Those two sections were depressed and filled by ba¬ 
sins of thick Neogenc sediments which are mainly 
marine. The result of this long-continued tectonic ac¬ 
tivity is truly a Median Tectonic Zone resulting from 
repeated tectonic reactivation near the MTL which 
consists of the Late Carboniferous Breakaway Zone 
and the Middle Triassic Austral Suture. The MTL 
and the MTZ became the locus of repeated but dis¬ 
tinct tectonic and magmatic events from the Late 
Carboniferous to the Neogene. 


Provenance change in the Maitai-Murihiku Basin 

The Maitai - Murihiku Interarc Basin started when 
the Austral Arc split and the West Austral and East 
Austral arcs moved apart in the Permian, in the 
ocean. The first filling in the interarc basin was from 
the active arc, and perhaps to a lesser extent from the 
remnant arc, and is known as Maitai Supergroup. 

When the West Austral Arc became sutured to 
Australia and the Western Province of New Zealand 
in the Middle Triassic there was a major change in 
the provenance of the sediments that were deposited 
in the basin. This change is so striking that the Muri¬ 
hiku and Maitai Supergroups have been treated as 
separate terranes. The change has been a matter for 
many studies, and for hypotheses which mainly seem 
to involve one or more subduction zones either in the 
MTZ or cast of the Torlesse Terrane. The subduction 
zones are supposedly overlain by one or more tele¬ 
scoped volcanic belts in the position of the MTZ. 
The Murihiku sediments arc volcanogcnic but were 
not derived from the Brook Street volcanics, and the 
reason proposed here is that the West Austral Arc 
was no longer active after it was sutured to the conti¬ 
nent. It was replaced in the foreland basin by new 
and gcochemically very different rift volcanism in a 
long belt extending from the Esk Trough to the MTZ, 
during the late Anisian or early Ladinian and contin¬ 
uing into Norian time on the North D’Aguilar Block. 
This belt apparently was not related to any coeval 
subduction zone or zones on the west where there is 
no matching accretionary wedge or forearc basin or 
rear-arc basin. The long period of non-deposition be¬ 
tween the Rakaia and Paltau Subterranes in New 
Zealand, if it is correct, is evidence for the absence in 
that period of a subduction zone or zones on the east¬ 
ern side of Torlesse Terrane. 

In Queensland an interruption to the volcanism 
in the Esk Foreland Basin is marked by the Late Tri¬ 
assic break under the Aranbanga Volcanics. This 
break had an unknown cause, perhaps global changes 
involved in the break-up of Pangaea. The break cor¬ 
relates with the start of the Eromanga Basin and its 
satellites, and is recorded in New Zealand by Late 
Triassic conglomerates within the Murihiku se¬ 
quence. They contain cobbles from Triassic and older 
plutons. 

As mentioned earlier there is a Late Jurassic 
break in the Maryborough Basin (Table I) and it is 
perhaps equivalent to the break under the Waipa Su¬ 
pergroup of New Zealand. It occurred at about the 
time of early events preceding the separation of Zea- 
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landia and Australia-West Antarctica, and about the 
same time as the westward movement of the Ferrar 
Dolerite Belt in East Antarctica relative to the same 
belt in Tasmania. 

The explanation given above for the contrast be¬ 
tween the Maitai and Murihiku sediments seems to 
remove the need for the extreme solution proposed 
by Waterhouse (2002: 165), possibly in desperation, 
that the Murihiku Supergroup formed in a basin 
somewhere else unidentified, and was moved into its 
present location as a gigantic nappe by long-distance 
sliding on to the top of Maitai Supergroup. If such 
sliding did occur it would surely have produced folds 
which arc not developed, and would have left other 
evidence of its passage over the Maitai Supergroup. 

The explanation above of the tectonics of the 
Maitai - Murihiku Basin and its two main lithologi¬ 
cal parts is very different from the forearc basin 
models of some other authors, and from the lone 
backarc model of Coombs et al. as pictured clearly in 
their illustration (1996: 489. fig. 18). 

Brooweena Formation, Te Mokai Group and 
Stephens Subgroup 

Brooweena Formation, discussed earlier, is above the 
Kin Kin beds and has received very little attention 
despite its lithologies and the estimates of its consid¬ 
erable residual thickness of 1500 m to over 3300 ni, 
after an unknown amount has been removed by ero¬ 
sion (Ellis & Whitaker 1976; Cranfield 1994). The 
question arises ‘What was the source of this mass of 
sediments?' The writer’s tentative answer is ‘possibly 
one source was the continental shelf or terrace that 
was built outwards from the Breakaway Zone from 
the Late Carboniferous to the Early Triassic’. As the 
West Austral Arc joined the continent parts of the 
terrace could have been compressed, elevated and 
eroded to form a ‘niolasse' including mass-flow de¬ 
posits, fanglomcrates, sandstones and mudstones 
that spread perhaps as turbidites into a deep part of 
the Esk Foreland Basin, and spread also eastwards 
over the North D'Aguilar Block to form Brooweena 
Formation. If the continental terrace had a width of 
70 km, and convergence was at a rate of say 4 cm per 
year, the destruction could have taken less than 2 
million years of Anisian or early Ladinian time. The 
resultant sediments might have been augmented by 
Triassic volcanic material, and possibly by eroded 
frontal material from the advancing arc. The writer is 
willing to accept that such a large feature as a conti¬ 


nental terrace or part of it can be removed because as 
noted earlier he has observed the almost complete 
removal of the Murihiku Basin as it approaches the 
Alpine Fault. That basin is 150 km wide in South 
Otago and Southland but is reduced to faulted slivers 
in the Hollyford-Pyke Valley. It is also reduced to 
slivers in the northern part of South Island, particu¬ 
larly on D’Urville Island at Cone Point and Lookout 
Bay (Johnston 1996). The writer has been shown 
similar destruction in the European Alps (Dewey 
1970). In central Italy he has seen a pile-up of olisto- 
stromes expelled from the Tyrrhenian Sea to form 
part of the Appennines during a collision event, and 
that helps in picturing the destruction of a basin, and 
the formation of mass-flow deposits that merge east¬ 
wards into more usual sediments. 

Stephens Subgroup of New Zealand is thick, 
with up to 2500 m preserved, and is in a similar 
stratigraphic position to Brooweena Formation, lying 
above Waiua Formation of the Maitai Supergroup, 
and below' Murihiku Supergroup (Aitchison et al. 
1988; Aitchison & Landis 1990; Johnston 1996). It 
was placed by Waterhouse (2002: 136-143) in hisTe 
Mokai Group. Where it occurs on the eastern side of 
the basin it is dominated by first-cycle volcanogenic 
sandstones and mudstones and some vitric tuft and 
was in fact considered by Aitchison and Landis 
(1990) to be a mass flow apron although they did not 
analyse its tectonic implications. In places on the 
west Hank of the basin in D’Urville Island and 
Stephens Island it includes spectacular olistoliths, 
some being a hundred metres long, that might have 
slid or avalanched down the side of the West Austral 
Arc. In the sediments there are derived fossils of Per¬ 
mian to Middle Triassic age. The whole subgroup 
can be explained as a result of the collision of the 
Austral Arc system with the continent and its conti¬ 
nental shelf. 

As parts moved down-slope they could have 
turned to turbidites that extended into the interior of 
the basin, complicating the slightly puzzling rela¬ 
tions between the Maitai Supergroup and the Muri¬ 
hiku Supergroup. For example the Willsher Group of 
coastal southeast Otago is 2000 m thick, and fault- 
bounded, and ranges in age from late Early Triassic 
to Middle Triassic and early Late Triassic (Jeans et 
al. 2003; Campbell ct al. 2003; Roser & Coombs 
2005). It can be wondered whether it might consist 
of turbidites formed as suggested above and depos¬ 
ited in a fault-bounded basin subsidiary to the main 
interarc basin. Conversions of mass deposits to tur¬ 
bidites arc not hypothetical having been identified in 
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several parts of the New South Wales section of the 
New England Orogen. 

Some of the structural features on the east side of 
Takitimu Range have attracted much attention and 
have been attributed to thrusts (Waterhouse 2002) 
but there is a possibility that some might be a prod¬ 
uct of sliding as the West Austral Arc was elevated 
during its original suturing and affected by later 
events. 


Torlesse Terrane 

This terrane which forms large areas of mountainous 
country in the Eastern Province of New Zealand was 
discussed earlier. Over a long period different au¬ 
thors have disputed whether the sediments were de¬ 
rived from the west meaning Australia and East 
Antarctica, or the cast meaning South America be¬ 
fore the Pacific Ocean opened, or the south meaning 
West Antarctica, or from a vanished continent called 
Pacifica. On isotopic evidence C.J. Adams and co- 
workers have long advocated a western origin, spe¬ 
cifically from the New England Orogen. Roscr and 
Korsch (1999) however compared the geochemistry 
of rocks of the New England and Hodgkinson Oro- 
gens with that of Torlesse rocks and found difficult 
differences. In the present paper the writer has con¬ 
cluded as stated earlier that Adams was right, if one 
makes the modification that the Sydney-Bowen 
Basin and correlative basins were a major source of 
the sediments of the Rakaia Subterranc. The Sydney- 
Bowen Basin in turn received its sediments from 
Australian sources and to a considerable extent also 
from Permian ice sheets that moved from East Ant¬ 
arctica far into Australia, as shown on maps by 
Brakel and Tottcrdell (1992). 

A very puzzling and unexplained feature of the 
Torlesse is that it consists, at least in South Island, of 
two distinct subterranes which are similar in appear¬ 
ance and adjoin one another but are widely different 
in ages. Deposition of the Rakaia Subterrane ended 
in the latest Triassic and then there was apparently no 
deposition for 25 million years or longer, through the 
Early and Mid Jurassic, unless there were thin depos¬ 
its that have not been recognised. The deposition of 
Pahau Subterrane began in the Late Jurassic and con¬ 
tinued in the Cretaceous (if the Waipa Supergroup is 
included). 

The apparent cessation of deposition in the Late 
Triassic at the end of Rakaia time occurred at the 
same time as a major continent-wide change in Aus¬ 


tralia. The erosion of the Sydney-Bowen Basin and 
its correlatives in the eastern half of Australia, like 
the Cooper Basin and the Tasmania Basin, simply 
ceased. It ended in all of the basins at essentially the 
same time (Harrington 1990; Ward et al. 1995). The 
change was one of the biggest in Australian Phanero- 
zoic geology. Australia had been reduced to a low- 
lying land on which quartzosc sediments were 
deposited in very large and not very deep continental 
basins like the Eromanga Basin (Great Artesian 
Basin) and offshoots like the Surat-Clarence-More- 
ton Basin (Harrington et al. 1990; Wells & O’Brien 
1994; Ward et al. 1995). During their deposition 
(Table 1) there is no conclusive evidence of subduc- 
tion occurring, (no Jurassic arc or accretionary 
wedge) although there were volcanic eruptions and 
comparatively small intraplate disturbances (Korsch 
et al. 1988). 

The late Jurassic recommencement of deposition 
in the Pahau Subterrane is difficult to explain given 
the apparent absence of subduction in the Jurassic. 
The Jurassic events in Australia (Table 1) included 
the metamorphism of the Otago Schist but otherwise 
were not really large until the initiation of the Whit¬ 
sunday rifting which preceded the opening of the 
Tasman Sea and could have commenced in the latest 
Jurassic. A major Jurassic event in New Zealand was 
the metamorphism and deformation of the Otago 
Schist (Mortimer 1993). Perhaps the formation of 
the Otago Schist was not a compressional event (no 
subduction zone) but an extensional event marking a 
very early stage in the separation of Zealandia from 
Australia and West Antarctica. If so, the extension 
might have caused the uplift and erosion of the 
Rakaia Subterrane because Wandres and Bradshaw 
(2005) obtained good evidence for the Pahau Subter¬ 
rane being mainly a result of recycling of Rakaia 
rocks, which must have occurred from the Late 
Jurassic. Their conclusion does not seem to support 
the possibility that Pahau Subterrane formed to the 
north and was moved south to its present position on 
a strike-slip fault marked by the Esk Head melange. 
Pahau Subterrane has not been recognised in 
Chatham Rise and that means that it could have been 
removed. It does not mean necessarily that it was re¬ 
moved by strike-slip to northern South Island and 
eastern North Island. 
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TUNNELING INTO PERMAFROST FOR POLAR DINOSAURS 
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Rich, T.H. & Vickers-Rich, P. 2008. Tunneling into permafrost for polar dinosaurs. Transactions of the 
Royal Society of Victoria 120(2): xli-li. ISSN 0035-9211. 

In 2007 an adit was cut into permafrost exposed on the left bank of the Colville River on the North 
Slope of Alaska. This was done for the express purpose of testing this approach to recover dinosaur bones 
underground. The reasons for carrying out what amounted to a palaeontological engineering experiment 
were: safety; the desire to test a technique to recover fossils that had not been damaged owing to prolonged 
burial in an active layer of permafrost; and to provide an alternative means of gaining access to fossil sites 
that otherwise could not be excavated. 

Key words: tunnel, permafrost, Alaska, North Slope, polar dinosaur. 


DURING the northern summer of 1989, the authors 
made a brief reconnaissance trip to the Late Creta¬ 
ceous outcrops on the left bank of the Colville River 
that flows across the North Slope in northern Alaska 
(Fig. 1). A program to collect polar dinosaur bones 
had been initiated there a few years earlier by the 


University of Alaska, Fairbanks, and the University 
of California, Berkeley (Brouwers et al. 1987; Rich 
et al. 2002). The authors were interested to explore 
an area where such fossils had been found because 
the palacoenviromnent was similar to that which pre¬ 
vailed in the Early Cretaceous of Victoria, Australia. 



Fig. I. Map showing the location of the Liscomb Bonebcd, where the test excavation was carried out on the North Slope 
of Alaska. 
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Early Cretaceous polar dinosaurs, found along the 
south coast of Victoria, had been the subject of much 
of the authors’ previous research. 

The traditional method of collecting dinosaurs 
along the Colville River was excavating in the open, 
much as one would in Montana or Mongolia. However 
the authors considered an alternative approach: to ex¬ 
cavate an adit [= tunnel with a single entrance fide 
Robert Fithian]. This different method to recover dino¬ 
saurs on the North Slope came to mind for three rea¬ 
sons. Firstly, during wet summers, as was the case in 
1989, the rumble of 1-10 tonnes of mud spontaneously 
slipping off the bank and plunging into the river about 
every two minutes was a constant background noise. If 
one were unfortunate enough to be below such an 
event, one would either be buried in mud or swept into 
the freezing waters of the Colville River. When this 
nearly happened to Tom at the Liscontb Bone Bed lo¬ 
cality (70 = 5’ N, 151 33’ VV) it prompted the idea of an 
adit. Secondly, the fossil bones excavated by the con¬ 
ventional method have, over the several years prior to 
their exposure, repeatedly frozen and then thawed. This 
has caused the fossil bones at or near the surface to al¬ 
most always be riddled with fractures. Thirdly, fossil 
sites high on the banks were known to exist but could 
not be readily accessed because the surfaces of those 
bluffs above the Colville River are often unstable and 
thus unsafe to access in the summer. 

To overcome these three problems, Tom Rich 
proposed to employ off-the-shelf procedures used by 
Alaskan miners to excavate tunnels and adits into 
permafrost to uncover dinosaur bones from the banks 
of the Colville River. An adit cut at such a site in the 
late winter-early spring would thus provide a safe, 
stable workplace in the summer, allowing access to 
bone beds otherwise unattainable. Then procedures 
used at Dinosaur Cove could be utlilised to excavate 
fossils from the floor of the adit. 

Dinosaur Cove is located on the shore of the 
Southern Ocean in Victoria, Australia, 38 42’ S, 143 
15’ E. Over ten years, assisted by literally hundreds 
of volunteers, tunnels had been excavated into the 
sea cliffs to recover dinosaurs there (Rich & Vickers- 
Rich 2000). In the initial trial on the Colville River, 
the plan was to innovate as little as possible in order 
to maximize the probability of success. The specific 
site chosen was the Liscomb Bone Bed locality be¬ 
cause it was known to be an extensive fossil deposit 
(Gangloff 1998). The insights thus gained for recov¬ 
ering fossils from such circumstances suggested by 
the initial experiment could then be used in the fu¬ 
ture to develop novel procedures. 


From the outset, the objective in trying to exca¬ 
vate this adit was solely to test whether this technique 
would be useful to other palaeontologists working in 
similar circumstances in the High Arctic. Basically, 
w'e wanted to provide them with an addition to their 
tool kit in order that research on polar dinosaurs 
could go forward more rapidly. Such progress could 
only benefit the understanding of the polar dinosaurs 
ofVictoria as well. 

After this initial inspiration, there was the little 
matter of money. We knew that doing this sort of 
thing in the Arctic was not going to be cheap. Most 
of the next 18 years w'ere spent in one futile attempt 
after another seeking support for what w'as regarded 
as an outlandish project by conventional funding 
agencies. We had all but given up ever doing this test 
excavation when Tom happened to be working with 
another Australian, Ruth Berry. They met when Ruth 
was making a documentary entitled, ‘The Terrible 
Lizards of Oz’ which included the polar dinosaurs 
from Victoria. As they were driving to another Aus¬ 
tralian fossil site one day to do some filming there 
for that documentary, Tom happened to casually out¬ 
line the Alaskan project to her. Ruth’s response to 
that plan was, ‘That would make a good documen¬ 
tary.’ Tom never expected to hear anything more 
about this from her, but was quite wrong. By dint of 
much hard work, Ruth put together a consortium of 
media interests in the United States, Australia, and 
Europe to gain sponsorship for the making of a docu¬ 
mentary about the High Arctic work as well as to 
fund the tunneling itself. Once she had done that, on 
the strength of her funding results, a grant to support 
the project was also obtained from the Australian Re¬ 
search Committee by the authors. Critical support 
was also provided to the project by ConocoPhillips, 
Alaska and the Bureau of Land Management without 
which the project would certainly not have 
proceeded. 

Georges Cuvier, the founder of vertebrate palae¬ 
ontology, began the systematic study of the field just 
over two centuries ago. As far as we know, although 
dinosaurs and other fossils have been collected in ex¬ 
isting mines, adits and tunnels since then, no one had 
ever started an underground excavation from scratch 
for the express purpose of excavating fossils before 
1984 at Dinosaur Cove. 

The know-how gained at Dinosaur Cove enabled 
Tom to work knowledgeably with a seasoned Arctic 
miner, Robert ‘Bobby’ Fithian from Lower Tonsina 
and his crew. Fithian supervised the first of the two 
phases of this project on the North Slope: the cutting 
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of an adit above the best known fossil layer, the same 
sort of approach used at Dinosaur Cove. 

THE TYRANNY OF DISTANCE 

Had Tom lived in Alaska or even one of the contigu¬ 
ous forty-eight United States, the organising of the 
excavation of the adit would have been significantly 
easier than doing much of it from Australia as of ne¬ 
cessity, had to be the case. At least an hour long tele¬ 
phone call between Australia and Alaska did not cost 
$600 as it would have in 1970. Without the cost of 
telephone calls plummeting by a factor of 100 since 
then together with the availability of e-mails that did 
much to get around the 18 to 20 hour time difference, 
it would have been impossible to carry out the essen¬ 
tial things necessary to get the project underway 
without physically being in Alaska. 

A humorous aspect of this was the need to estab¬ 
lish credibility with suppliers of equipment and serv¬ 
ices both in Alaska and the forty-eight contiguous 
United States. A telephone call from Australia to 
such a person in order to obtain something for a 
project to excavate polar dinosaurs out of permafrost 
on the North Slope was not always accepted as plau¬ 
sible without a lengthy discussion. 

It was fortunate that Tom had the opportunity to 
be in Alaska when the matter arose of applying for 
the necessary permits to carry out the work, thirteen 
of them from various agencies of the Federal and 
State governments together with the North Slope 
Borough and ConocoPhillips (Table 1). Initially, it 
was not clear to Tom how to proceed with this. No 
one knew exactly what permits would be required. 
This was understandable given the unusual nature of 
the project. It was only by numerous conversations 
with staff of the various government agencies and pri¬ 
vate organizations involved that the necessary permits 
were identified. That could only have been accom¬ 
plished by face-to-face contact. To have done that by 
telephone or e-mail from Australia would not have 
worked because people react quite differently to an 
enquiry of such an unusual nature compared with di¬ 
rect personal contact. The mere fact that the person 
making such an odd request was physically standing 
in front of an official did much to establish the credi¬ 
bility of the request. It often happened that the person 
in an agency being dealt with initially was not the 
person that ultimately handled the matter. Because 
Tom was there, it was much easier for the person 
dealing with him to refer him on to that other person 


more likely to be familiar with the type of question 
being asked. Tom was told on more than one occasion 
that in order to obtain the necessary permits he would 
have to hire an attorney for probably S20.000 - 
$30,000. Fortunately, the various officials contacted 
were most helpful and forthcoming with the names of 
permits that might be required. This made it possible 
for him to write the applications without legal assist¬ 
ance. Tom never could understand why all of the vari¬ 
ous permits suggested as being necessary were in fact 
required. Having struggled for some time to under¬ 
stand the overall structure of the permitting process, 
in the end he realised he never would and simply 
filled out every permit suggested and submitted them 
in hopes that all the bases were covered. When the 
project was under way, no official came forth with yet 
another permit that should have been applied for but 
was previously overlooked. So resorting to a shotgun 
strategy in lieu of actually comprehending the per¬ 
mitting process, seems to have worked. 

One unexpected by-product of getting the per¬ 
mits was the eventual partial funding of the project 
by ConocoPhillips. A number of commercial firms 
operating in Alaska were approached for funding 
over the years. These requests were invariably re¬ 
ferred to a department in the respective organizations 
which was devoted to allocating charitable funds. 
Clearly from the common tone of the letters of rejec¬ 
tion received, they were approached by many indi¬ 
viduals and groups seeking support. Always the same 
form letter came back saying that while the project 
was a worthy one, the firm in question regretted that 
they had already made its charitable commitment for 
that financial year. In contrast, when contact'was 
made with ConocoPhillips to seek a permit to use 
roads under their control on the North Slope for ac¬ 
cess to the fossil site, money was not an issue. The 
management did not immediately dismiss us without 
understanding what was sought in this case because 
they were not reacting to our approach as they do al¬ 
most by a reflex when one for a charitable donation 
is made through ordinary channels. Rather, because 
the request was not made in a standard way and there 
was a need to understand what was being done in 
order to decide what their reaction would be, the 
management became aware of the objective of the 
project. As a consequence, their interest was sparked 
and they came up with ideas of how the infrastruc¬ 
ture of their company could assist. With the initiative 
coming from within the organization, doors were 
opened and the project received as a consequence 
significant support both in kind and in cash. 
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Table 1. Permits required for the excavation of the Berry Adit. 


Agency 

Title of Permit 

United States Army Corps of Engineers 

Nationwide Activities Permit (NWP) no. 6, Survey 
Activities 

United States Department of the Interior, Bureau of Land 
Management 

Land Use Permit 

United States Department of the Interior, Bureau of Land 
Management 

Paleontological Resources Use Permit 

United States Department of the Interior, Bureau of Land 
Management 

Filming Permit 

Alaska Department of Natural Resources 

Coastal Project Questionnaire and Certificate Statement 

Alaska Department of Natural Resources 

General WaterwayAVaterbody Permit 

Alaska Department of Natural Resources 

Supplemental Questionnaire for: Use ot Uplands and Non 

Marine Waters 

Alaska Department of Natural Resources 

Supplemental Questionnaire for: Olf Road Travel 

Alaska Department of Natural Resources, Office of 

Habitat Management and Permitting 

Fish Habitat Permit 

Alaska Department of Natural Resources, Division of 
Mining, Land and Water 

Applicant Environmental Risk Questionaire 

Alaska Department of Natural Resources, Division of 
Mining, Land and Water 

Land Use Permit 

North Slope Borough Planning Commission 

Development Permit 

ConocoPhillips 

Road Access Permit 


Providers of goods and services for the project 
often became quite interested in it. This was because 
in dealing with them, the nature of what was being 
done was explained to them instead of the item or 
items to be purchased simply being ordered in an im¬ 
personal manner. As a consequence of the interest 
aroused, substantial discounts were made in two 
cases. It is unfortunate that because of the nature in 
which this help was given, it could not be built into 
the plan and budgeted for it but it did happen and 
was most welcome when it occurred. 


THE EXCAVATION, PART 1 

In late March 2007, the field crew journeyed from 
Deadhorse across the frozen tundra and thence onto 
the ice of the Colville River to reach the fossil site. 
Personnel included Bobby and his crew of three ex¬ 
perienced miners, together with Ruth and her film¬ 
ing crew of two, plus Kevin May of the Museum of 
the North. Katch Bachellor of the Alaska Museum of 
Natural History, and Tom. The adit, designated the 
Berry Adit in honour of Ruth Berry, was cut with a 
rectangular cross section to a height of 2.65 metres 
and width of 2.4 metres into the bank to a depth of 


7.9 metres and a snow shed or portico constructed at 
the front of it to close it off and maintain the temper¬ 
ature inside below freezing in the summer (Fig. 2). 
Two insulated walls were built, one inside the other 
to ensure such temperature control. The snow shed 
prevented debris, which slid down the slope above 
the entrance of the adit, from falling on someone en¬ 
tering or blocking the entrance, accumulating it on 
the roof instead. The snow shed was closed at the end 
of the March/April excavation. A return to the site in 
August was anticipated for the excavation of fossils 
front the floor of the adit. The floor of the adit had 
been deliberately cut above the known level of the 
fossil layer in March/April to avoid damaging the 
fossils by the use of explosives. The winter camp oc¬ 
cupied during this phase was supplied and set up by 
Robert Fithian and his crew. 


THE EXCAVATION, PART 2 

Unpredictably, in June 2007, the Colville River was 
unusually high and the tunnel flooded (Fig. 3). So, 
when we returned to the site in August, the first task 
was to remove tons of rock debris that had fallen on 
the snow shed from the bank above (Fig. 4). 
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Fig. 2. Entrance to the Berry Adit, April 2007. Courtesy Fig. 3. Entrance to the Berry Adit on 3 June 2007. 

of Robert Fithian ©. Courtesy of Mike Kunz ©. 



Fig. 4. Removing debris from the top of Berry Adit portico, August 2007. T. Rich ©. 
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Fig. 5. Floor and wall of the adit shortly after the door 
was first opened in August 2007. Courtesy of Alan Fraser ©. 


Once the adit was opened, 75 cm of a ‘witch’s 
brew’ consisting of ice welding large floated timbers 
and sunken trash was found covering the floor 
(Fig. 5). Within the ice was about 15 cm of slush, an 
added complication. It took the better part of four 


days to remove all of that. This was only possible in 
that short period of time because air tools (jack ham¬ 
mers and chipping hammers) were available on site 
based on previous experience excavating vertebrate 
fossils underground at Dinosaur Cove although not 
previously used for vertebrate palaeontological field¬ 
work on the North Slope. It was possible to use Atlas 
Copco air tools at the site because ConocoPhillips, 
Alaska, had flown in an air compressor along with 
the fuel to operate it. Without the air tools, we would 
never have reached the fossil layer in the time availa¬ 
ble for field work in 2007. ConocoPhillips also pro¬ 
vided significant support to fly in the film team and 
the crew from the University of Alaska. 

Once the ‘witch’s brew’ had been removed a 
protective structure was constructed within the tun¬ 
nel to prevent any permafrost on the ceiling from 
falling on people who were collecting fossils below. 
Small amounts of permafrost had fallen between 
April and August, and further bits fell while we were 
removing the ‘witch’s brew’. Then, at last the fossil 
collecting began. Once this stage was reached, the 



Fig. 6. Work space within the confines of the Berry Adit. Courtesy of Anne Pasch ©. 
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Fig. 7. Collecting fossils in the conventional manner on the floor of the Berry Adit. Courtesy of Anne Pasch ©. 


fossils were collected in much the same way as they 
would be outside. Because this work was carried out 
in summer, care had to be taken to keep the tunnel 
cool. At one stage work had to be suspended for a 
day in order to allow the adit to cool and thus main¬ 
tain safe working conditions, so as to prevent the 
dreaded thawing. 

The method utilized to collect the fossils from 
the floor of the adit was to dig through the fossilifer- 
ous clay with hand tools, expose individual bones, 
measure their position and orientation, and collect 
them (Figs 6 & 7). This is a quite conventional way 
to excavate fossils. In the cold confines of the adit, 
this work went much more slowly than it would have 
outside. The crew grew very cold in doing this me¬ 
ticulous task and had to wear electric hand and toe 
warmers after being in the adit for a few hours, even 
with hourly sojourns outside to get warm (Amanda 
Hanson, pets. comm.). As a consequence of this, they 
only reached a depth of about 30 cm into the approx¬ 
imately 50 to 100 cm thickness of the fossil layer in 
the fortnight devoted to this work. 


It was known from previous experience work¬ 
ing in the open at this same fossil site that most of 
the bones in the fossiliferous layer are concentrated 
near the bottom. Hence, it is not surprising that the 
quantity of fossils recovered in 2007 was not great. 
Importantly, observations made in the field by 
Kevin May ( pers. comm.) who had extensive previ¬ 
ous experience collecting fossil bones from the 
active layer at that site suggests that the fossils 
encountered in the undisturbed permafrost on the 
floor of the adit were far better preserved. Presuma¬ 
bly this is because they had not been repeatedly 
thawed and frozen. For this reason, the staff of the 
Museum of the North of the University of Alaska, 
Fairbanks plan to return to the site and excavate the 
remainder of the fossiliferous layer exposed in the 
adit. When this is carried out, one of the primary 
objectives will be to assess more precisely how the 
fossil bones recovered in the active layer and undis¬ 
turbed permafrost compare with one another in 
their state of preservation (Patrick Druckenmiller, 
pers. comm.). 
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Fig. 8. A rock saw being employed to cut out a block of 
fossiliferous oil shale from the Eocene Rundle Oil Shale, 
Gladstone, Queensland Australia. Courtesy of Lesley 
Kool©. 

In 2003, assisted by five colleagues, the authors 
had excavated fossils in an oil shale mine near Glad¬ 
stone, Queensland. Australia, by cutting out blocks 
about 40 cm square with a rock saw (Fig, 8). That 
technique proved quite successful in recovering com¬ 
plete data. Each block was encased in a jacket formed 
of burlap strips dipped in plaster of Paris in the field 
(Fig. 9). These blocks were subsequently transported 
to Melbourne and the fossils within them hardened 
and extracted under laboratory conditions. Because 
the orientation of one block relative to another was re¬ 
corded and mapped, it was possible to join together in¬ 
dividual bones and skulls that crossed from one block 
to another. Such collecting facilitated the recovery of 
tiny bones, the sampling of microfossils, and the pre- 



Fig. 9. A block of fossiliferous oil shale being encased 
in a jacket formed of burlap dipped in plaster-of-Paris. 
Courtesy of Lesley Kool©. 


cise mapping of bone orientation both horizontally 
and vertically. Under the conditions prevailing in the 
Berry Adil employing this method could allow the 
collection of much more detailed information than 
can be gathered by conventional excavation. 

Anticipating the difficult conditions for excavat¬ 
ing fossils from the floor of the Berry Adit cut into 
permafrost, based on experience collecting in the 
tunnels at Dinosaur Cove, it was the authors’ plan to 
collect half of the exposed fossiliferous rock from 
the Colville in blocks. The other half of the exposed 
fossiliferous layer was to be collected by Kevin May 
and Amanda Hanson of the stall'of the Museum of 
the North together with volunteers using hand tools 
in the conventional manner described above. 

However collecting blocks did not happen be¬ 
cause it was thought by some that the cuts would de¬ 
stroy a small percentage of the fossils, a value 
judgment entirely contrary to the previous experi¬ 
ence the authors had with their excavations in the 
Eocene of North Queensland and the Cretaceous of 
Victoria. Because of this decision, in the end, staff 
and volunteers of the Museum of the North carried 
out all collecting of fossils from the floor of the tun¬ 
nel in a conventional manner, and no blocks were re¬ 
moved intact during the field season of 2007. 
Hopefully, in the future, removal of blocks will be 
permitted and meticulous analysis of the micro-sedi- 
mentology, as well as recovery of tiny fossils under 
controlled laboratory conditions, can be carried out. 

RESULTS 

The Colville tunneling operation was a pioneering 
project involving unique procedures and concepts 
unfamiliar to most of the people involved with per¬ 
mitting and funding the project. Thus, it was under¬ 
standably difficult for many of them, as well as 
fellow palaeontologists, to grasp the rationale for 
what was proposed to be done and therefore make re¬ 
alistic judgments about it. 

The successful execution of this work in north¬ 
ern Alaska in 2007 has shown how it is possible to 
cut an adit into permafrost and recover dinosaur 
bones from such deposits. It is no longer just a logi¬ 
cal conjecture that fossils collected deep under¬ 
ground are better preserved than those from the 
active layer of permafrost. It is now established on 
the basis of field observations. The objective of this 
project conceived eighteen years ago has most cer¬ 
tainly been accomplished. 
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Table 2. Costs in Australian Dollars for the Berry Adit project. 


$735,661.44 

$156,084.00 

$216,184.18 

$20,000.00 

$20,000.00 

$55,000.00 

$23,333.33 

$13,333.33 

$20,000.00 

$26,666.67 

$888.90 

$288.90 

$1,888.89 

$2,777.78 

$ 2 , 222.22 

$2,000.00 

$555.56 

$522.22 


Production of documentary by Big Island Pictures as at 20 April 2008 

Projected completion costs of production of documentary by Big Island Pictures as of 20 April 2008 
Construction of the Berry Adit, transportation and accommodation by Alaska Hard Rock Mining, 18 days 
in March/April 2007 
Exploratory visits to Alaska, 1989-2006 

Administrative effort to obtain and retain permits, November 2005, February 2007 and August 2007 
Salaries for palaeontologists. March-April and August 2007 
Compressor and air tools, August 2007 

Charter of fixed wing aircraft for transport of personnel and equipment, August 2007 

llelicopter/Hcrcules aircraft usage for transport of air compressor and fuel, August 2007 

Transport of personnel from outside of Alaska to Fairbanks, March-April and July-August 2007 

Electric chainsaw. August 2007 

Hardware plus camping gear, August 2007 

Diesel fuel and gasoline, August 2007 

Groceries for 10, 30 days, August 2007 

Vehicle hire, August 2007 

Usage of vehicles, March-April and August 2007 

Consumable supplies for collecting fossils. August 2007 

Accommodation for 5 for one night, Prudhoe Bay, August 2007 


Ruth Berry s documentary was first broadcast as 
Dinosaurs on Ice on ABC I (Australia) on 22 July 
2008 and a somewhat different version was broadcast 
on 7 October 2008 as Arctic Dinosaurs on NOVA 
(United States). A version is also to be broadcast by 
ARTE (France). 

The various costs of the project are given in Aus¬ 
tralian dollars in Table 2. 


RECOMMENDATIONS 

The permafrost overburden above the fossiliferous 
layer in the Berry Adit can be readily cut with an elec¬ 
tric chainsaw equipped with a tungsten carbide tipped 
chain. In light of this, a less labor intensive way that 
the face of that adit can be advanced would be to cut 
out wedges of the overburden with such a chainsaw. 
That is a task that an inexperienced volunteer could 
quickly learn to carry out. This would mean that in¬ 
stead of professional miners advancing the adit face 
in the late winter or early spring, the work could be 
done in summer when camping costs are much less 
without having to hire the professional stalT to accom¬ 
plish it. It would also mean that advances of the face 
could begin as soon as the need for it was seen rather 
than wait until the following winter or early spring. 

Pediomys Point is a site high on the bluffs above 
the Colville River (70" 01'01” N, 151 35’ 16” W, 
Roland Gangloff pars, comm.) from which a small 
collection of fossil mammals has been collected 
(Clemens 1995). It would be highly desirable to re¬ 


cover a larger collection of fossils from this locality 
by carrying out a major excavation there. The mate¬ 
rial known from this site was obtained from a few 
sacks of matrix collected by precariously scrambling 
up the steep surface to reach the locality. Cutting an 
adit at this site would enable a safe work place to be 
established. However, it would be virtually impracti¬ 
cal to do so there in the same way as the Berry Adit 
was excavated. This is because unless a road was cut 
in the bluffs to the site either from the level of the 
river or from the top of the bluff, a loader could not 
access the site. A small tunneling or mining drag line 
to muck out such an adit would require the far end 
being anchored cither well out onto the river ice or 
across the river on the far bank. 

An alternative approach that would be much 
cheaper w'ould be to cut it from the beginning with an 
electric chainsaw. The establishment of a new adit 
could be in the late winter/early spring with a portico 
being built at that time and provisions made to readily 
access the adit in the following summer when negoti¬ 
ating the bluffs to reach the entrance would be more 
difficult. The adit could then be extended indefinitely 
the following summer(s) when logistical costs of 
reaching the site and maintaining a camp would be 
significantly less. Furthermore, summer, particularly 
late summer, is a more pleasant time to be in a remote 
camp on the North Slope. This approach would also 
have the economic advantage that it could be carried 
out by enthusiastic volunteers under the direction of 
one individual experienced in tunneling rather than a 
staff consisting solely of paid professional miners. 
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Yet a third approach to be considered in reaching 
fossiliferous sites high on the banks of the Colville 
River would be to sink a shaft from the level of the 
tundra and then excavate drives at the level of the 
fossiliferous layer from the bottom of the shaft. It 
would be important to not stack the spoil on the tun¬ 
dra but rather dump it over the side of the banks. This 
is because a lake would form beneath the spoil if left 
on the tundra. The spoil in that case would act as in¬ 
sulation and heat coming up from the centre of the 
Earth would cause the underlying permafrost to 
melt. 

A structure built over the work area deep within 
the adit to prevent permafrost on the ceiling from 
possibly falling on workers below as was done in 
2007 will not be necessary if prolonged opening of 
the adit is not required. It was required in 2007 be¬ 
cause of the need at the beginning of the August 
phase of the work to remove the ice and debris from 
the floor owing to flooding. Knowing that flooding 
can occur at that site, measures can be taken to pre¬ 
vent it in future and hence, the adit will not become 
warm enough that possible thawing of the roof will 
occur, necessitating a precautionary construction of 
a platform above the work area as w'as done. Once 
excavation of the floor of the adit began in mid-Au¬ 
gust 2007 and the doors were open only for brief pe¬ 
riods, the adit remained at a constant -5°C (Kevin 
May pars. comm.). 

Because of the cold conditions in the adit, two 
changes are suggested to make the collection of the 
fossils from the floor more efficient. The first is to 
provide more hand and toe warmers. The second is to 
trial collecting blocks by cutting them out with a 
chainsaw so that they can be carefully gone through 
in a properly lit, comfortable laboratory. This second 
approach would not only make it more likely for 
smaller fossils to be detected but more details of the 
microstratigraphy could be recorded, enhancing the 
palaeoenvironmcntal data associated with the fossils. 

Access to sites on the Colville River in summer 
need not necessarily be soley by aircraft. At that time 
of year, the people of Nuiqsuit commonly travel up 
the river with their boats powered by outboard mo¬ 
tors. If arrangements could be made to transport 
equipment to Nuiqsuit by truck over the ice roads in 
winter and store it, it could then be transported up 
river by boat during the summer. This reduction in 
the use of aircraft could result in a substantial saving 
of costs for summer time operations. 


CONCLUSIONS 

Excavating dinosaurs and the fossil remains of the 
associated biota by tunneling for them into perma¬ 
frost on the Colville River produces specimens of 
fossil bones that a preliminary analysis suggests are 
significantly better preserved than those recovered 
from the active layer by excavations carried out in 
the open. To achieve this result in 2007 required 
working in part in late winter and early spring. That 
timing required significantly greater effort and was 
more costly than if the work had been carried out ex¬ 
clusively in the summer. Based on the 2007 experi¬ 
ence, alternative unconventional collecting strategies 
might allow a greater part of the work in future of 
any tunneling project to be done in summer. 

These suggested alternatives should they prove 
to be practical if ever tested in the field, would drive 
down the costs because a greater part of the work 
could be done by previously inexperienced volun¬ 
teers rather than paid professional miners. It was pri¬ 
marily inexperienced volunteers who carried out the 
successful excavation of the tunnels at Dinosaur 
Cove, Australia. 

The methods tried in 2007 and the other possible 
novel methods suggested here for collecting polar di¬ 
nosaurs and the other tetrapods that occur with them 
in permafrost deposits on the North Slope certainly 
do not exhaust the possibilities for improving the 
quality and quantity of fossil specimens to be recov¬ 
ered there. Imaginative people no doubt can come up 
with other, even better ways of taking advantage of 
the situation of fossil preservation unique to the High 
Arctic instead of seeing it as an additional obstacle 
on top of the problems to be encountered when both 
searching for and collecting such fossils at lower 
latitudes. 
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PRESIDENT’S REPORT 

As President ofThe Royal Society of Victoria for the 
past 12 months 1 would like to thank the team for their 
great support, this involves Camilla and her team and 
the Councillors themselves. The Council consists of 
people from many different areas of science, who have 
very strong views in many areas. It has been an inter¬ 
esting exercise for me to work with them. We have 
met regularly as is custom throughout the year, we 
also have held regular Executive meetings. The Exec¬ 
utive members include: President, Vice-President, 
Assoc. Prof. Peter Thome, Vice-President, Captain 
Bill McAuley, Immediate Past President, Assoc. Prof. 
Bruce Livett, Hon. Secretary, Prof. Fred Smith, and 
Hon. Treasurer, Lt. Col. Richard Lightfoot. These 
meetings have hopefully improved the organization 
and business ofThe Royal Society of Victoria. 

We have commenced an active recruitment pro¬ 
gram, I personally have invited many people obvi¬ 
ously from my discipline of Medicine and related 
areas to join the Society and I am delighted how 
many have done so. However, there is still more to be 
achieved in this regard. 

The Royal Society of Victoria has also co-oper¬ 
ated with other organisations such as the Mental 
Health Foundation Australia (MHFA), the MHFA 
has taken up the challenge if RSV-INTREPID Ant¬ 
arctic Polar Expedition is to be a success will require 
support from doctors, specialists, psychiatrists and 
general practitioners as well as psychologists. It is 
planned that the mental health personnel team could 
help select candidates and also carry out evaluations 
prior to the voyage, during the voyage and after the 
voyage. I believe the science of human behaviour is 
well worth this type of study. We will need the sup¬ 
port of all Councillors and all committees and teams 
so that this important venture is successful. The So¬ 
ciety needs to raise significant funds, the infrastruc¬ 
ture of the Society is limited and there is a need for 
more staff, more organisation and more promotion of 
the endeavours of the Society both to members and 
other organisations and groups. 

The Royal Society ofVictoria has joined with the 
Mental Health Foundation Australia, Alzheimer’s’ 
Australia Victoria, the Sovereign Order of St. John of 
Jerusalem ‘Knights Hospitaller’ to play a very active 
role in the annual fund raising event at ‘Cruden 
Farm’ on Sunday 12 October which is the home of 
Dame Elisabeth Murdoch AC. We would like to see 
as many members of the Society and their families 
attend this function. It is a very enjoyable event 


which includes entertainment and the venue and the 
gardens are beautiful and the support of Dame Elisa¬ 
beth is really appreciated once again. 

The Society’s wishes to acknowledge the efforts of 
Mr Basil Walby whose experience and guidance in the 
areas of publications and proceedings have been inval¬ 
uable. Mr Walby is retiring after 12 years having served 
as Hon. Treasurer, Hon. Editor, and Councillor. 

2006 ANNUAL GENERAL MEETING 

The 152 nd Annual General Meeting was convened 8 
March, 2007, prior to the Ordinary Meeting. 

• The Officers and Councillors elected at the Ordi¬ 
nary Meeting held on 8 December, 2006 were in¬ 
ducted for 2007. 

• The Annual Report and Financial Statements for 
2006 were received and adopted. 

• Mrs Marianne Kovassy, M.Acc, CPA, was re-ap¬ 
pointed Honorary Auditor. 

FUNDRAISING 

The Society records its deep appreciation to Dr Phil¬ 
lip Law for his most generous donation in the sum of 
$50,000.00 earmarked for exterior restoration works. 

The Society acknowledges the following Mem¬ 
bers for their singular generosity (post-nominals 
omitted): (See list on facing page.) 

Other sources of fundraising: 

RSV-INTREPID 
Mrs Elizabeth Lightfoot 
Lt.Col. Richard Lightfoot 
Sir Laurence Muir 
Mr Derek O’Neill 
Mr Duke W.M. Paine 
Simplot Australia 
Assoc.Prof. Peter Thome 
Mr Ben M. Wadharn 

BLANDOWSKI SYMPOSIUM 
Department of Sustainability and Environment 
Murray Darling Basin Commission 
Mr R.J. Foster 

Mr Thomas Kessler, Consul General ofThe Federal 
Republic of Germany 

Dr George Luk-Kozika, Honorary Polish Consulate 
General for The Republic of Poland 
MrT.D. Miles 
Mr Peter Somers 
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Mr Peter F.B. Alsop 
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Dr T. Corbett 
Mr Leon F. Costermans 
Dr Leslie G. Dale 
Mr Jan G. de Boer 
Mr J. Keith Dempster 
Dr William T. Denholm 
Mr Gregory C. Eccleston 
Ms Carol R. Ely 
Dr Rod J. Esdaile 


Mr Nicholas Evans 
Dr Don McG. Ewart 
Mr G. Farmer 
Mr William G. Fenner 
Mr Leonard E. Fielding 
Dr Lancelot Finch 
Mr Robert J. Foster 
Dr Donald Gaff 
Mr Ross Gardiner 
Mr David 1. Gibbs 
Dr Lucian Gruner 
Mr Roy T. Hardcastle 
Mr Michael V. Harding 
Dr H.J. Larry Harrington 
Dr Bruce Hinckfuss 
Mr Peter W. Holbeach 
Mr Henry R. Holmes 
Mr John B. Jack 
Mr Robert M. Joy 
Dr Melinda Kemp 
Dr A. Peter Kershaw 
Mr Neil Kinnane 
Mr Darold E. Klindworth 
Dr Phillip G. Law 
Mrs Helen Lee 


Mr T. Frank Lee 
Lt.Col. Richard M. Lightfoot 
Dr Murray J. Littlejohn 
Mr Albert Mahoney 
Mr Brian S. Malone 
Dr Richard Manasseh 
Mr James McConvillc 
Mr G.T. McCrorie 
Mrs Susan M. McLean 
Miss Nancy H. McNeill 
Dr Charles W. Meredith 
Em.Prof Nancy F. Millis 
Mr Wallace W. Mobilia 
Dr Thomas Mole 
Dr Geoffrey Mottershead 
Dame Elisabeth Murdoch 
Mr John W. Nairn 
Dr Herbert C. Newman 
Mr Duke W.M. Paine 
Sir Arvi 11. Parbo 
Mr Geoffrey Paterson 
Mr George Pinches 
Dr Ian J. Pomear 
Lady Primrose C. Potter 
Dr H.R. Clive Pratt 


Dr F. James Reid 
Mr Harold C. Richards 
Mr Martin A. Riley 
Mr James N. Rowan 
Mr R.G. Seecantp 
Dr John E. Sherwood 
Mr Fitz A.J. Suendcrmann 
Ms Oslem Susler 
Em.Prof. John M. Swan 
Mr William .1. Thompson 
Dr Richard Thwaites 
Mrs Lyn Treadwell 
Mr Alfons H.M. Vandenberg 
Mr Jack C. Wallis 
Em.Prof. James W. Warren 
Mr Eric K. Webb 
Mr Norm J. West 
Mr Mark Williams 
Mrs Voi M. Williams 
Mr Maurice E. Wills 
Mr A.M.N. Winkelman 
Mr Ian R. Young 
Dr John W. Zillman 


THE ROYAL SOCIETY OF VICTORIA 
FOUNDATION 

ASSISTING THE PROMOTION AND 
ADVANCEMENT OF SCIENCE AND 
TECHNOLOGY LIMITED (RSVF-APAST) 
ACN 112 376 511 

Three board meetings were conducted during 2007. 

• 15 February 

• 24 May 

• 30 October 

The Board comprised: 

Mr J.W.L. Armstrong (Resigning as Chairman 30 
October 2007) 

Prof. G.D.Burrows, AO, KCSJ 
Sir Andrew Grimwade CBE (Appointed Chairman 
30 October 2007) 

Assoc.Prof. B.G. Livctt 
Prof. J.F. Lovering, AO 

Capt. W.JAV. McAuley, KCT(Scot), KCSt.J, RFD, JP 

Mrs C. McGIashan 

Sir Laurence Muir, VRD 

Lady Primrose Potter, AC 

Prof. T.F.Smith, AM 

Assoc.Prof. P.G. Thorne 

Our six patrons include: 

Prof Suzanne Cory, AC, FAA, FRS 

Sir Peter Derham, AC, KSt.J, FAIM, FPIA, FAICD 


Laureate Prof Peter Doherty, AC, FAA, FRS 
Dr Phillip Law, AC, CBE, FANZAAS, FAIR FAA, 
FTSE, FFRSV 

Em.Prof Nancy Millis, AC, MBE, FAA, FTSE 
Prof Em. Sir Gustav Nossal, AC, CBE, FAA, FRS, 
FTSE 

It should be noted that The Hon. Dr Barry Jones, 
AO, FAA, FAHA, FTSE, FRSA, FRSV, accepted the 
Foundation’s invitation to become its first Chancel¬ 
lor. The Society is delighted to see its Foundation en¬ 
dorsed by Dr Jones in this way. 

The Foundation is a company limited by guaran¬ 
tee and has the general aim of directly assisting the 
Society in fulfilling its charter in respect of the pro¬ 
motion and advancement of Science and Technology 
by raising and soliciting monies for the exclusive use 
of the Society. 

The Foundation aims to raise $3M to match those 
funds provided by the Australian Government. 

W.J.W. McAuley 
Board Member 
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RSV-INTREPID 


(The Royal Society of Victoria s International Re¬ 
search Expedition Polar Inter-Disciplinary Voyage 
connecting Youth with Science) 

The Society’s most important expedition since that of 
Messrs. Burke and Wills was to have been conducted 
over two summer seasons in Antarctic waters during 
the 4 lh International Polar Year (01 March 2007 - 01 
March 2009). SI2M was budgeted to meet the costs. 

The Hon. John Cobb, MP advised the Society 
that S3M would be committed (on a matched funds 
basis) by the Commonwealth in a letter dated 20 
April, 2007 to myself as Leader, however Expedition 
One had to be abandoned in the absence of sufficient 
funding being made available in sufficient time, to 
enable the Society to ‘go public'. 

Expedition Two (planned to embark mid-December 
2008) over 40 days, departing and returning Hobart 
and visiting Macquarie, the Balleny Islands, Cape 
Adare, McMurdo Station, Dumont d’Urville and po¬ 
sitioning over the South Magnetic Pole on the cente¬ 
nary of its discovery by Sir Douglas Mawson remains 
a possibility, but appears doubtful in the absence of 
being able to secure a suitable vessel by way of 
deposit. 


A business plan (funded by a $25,000.00 grant from 
the Government of Victoria) was prepared and re¬ 
leased by Council for the Department of Education 
and Training (Office of Learning and Teaching) in 
Victoria on 29 March. It was received and approved 
by government and remains the Society’s aide mem- 
oire for the project. 


Six action groups have been established and tasked 
by the RSV-INTREPID Steering Committee to un¬ 
dertake planning. These include: 


1 Administration 
and Finance 

2 Communications 

3 Operations 

4 Human Resources 

5 Scientific Programme 

6 Education Programme 


Lt.Col. R.M. Lightfoot 

Dr D. Isaacs 

Capt. W.J.W. McAuley 

Dr P. Baines 
Mr R. Morgan 


As Leader 1 am indebted to those who have as¬ 
sisted me in my endeavour to mount INTREPID. The 
presiding chairmen of the various action groups are 
to be commended. Thanks go particularly to Drs 


Isaacs and Baines for assuming the duties of Drs 
Thorne and Hughes following their resignations. 

The Society has been fortunate in obtaining the sup¬ 
port of many leading scientific institutions worldwide 
including Hie Royal Society (London), The Smithso¬ 
nian Institute, The National Geographic Society of 
America, The Royal Geographical Society of London, 
The Royal Institution of Great Britain, and The Royal 
Society of New Zealand, not to mention the Science 
Teachers Association of Victoria amongst many others. 

The science tasking authorities include: 

1 La Trobe University 

2 Flinders University 

3 The University of Tasmania 

4 Southern Cross University 

5 The University ofTechnology Sydney 

6 Auckland University 

7 Monash University 

8 The University of Melbourne 

The Expedition's proposed research projects are 
comprehensive, ranging from: 

1 The physics of the Aurora 

2 Plankton swimming activity 

3 Heavy metals, nutrients and other organic 
compounds 

4 Identification of endocrine disrupters 

5 Tropic interactions of the dominant 200 plankton 
communities 

6 The environmental footprint of the expedition 

7 DMS in the seasonal ice zone 

8 Response of Southern Ocean phytoplankton to 
changing climate 

9 Mapping diversity of plankton and benthos 

10 The nature and distribution of dust and pollen in 
the environment of Antarctica and the Southern 
Ocean 

11 Observations of the Antarctic Slope Front 

12 Iceberg dynamics 

13 Shipboard health 

14 Behavioural science 

The Society is required to raise matching funds 
of S3M not later than 30 June, 2008 for it to proceed. 
The Royal Society of Victoria Foundation (assisting 
the promotion and advancement of science and tech¬ 
nology) has, to date been unable to secure those 
funds. It has in fact, failed to raise any substantial 
funding for the Society so far. 

The Education, Outreach and Communication value 
of this project should not be underestimated - 
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providing 50 young, energetic, post-graduate and 
post-doctoral scientists the opportunity to conduct 
their rescarclt whilst mentoring an equal number of 
eager young Year 11 science students in Australia’s 
last, largely unknown frontier. 

RSV - INTREPID was not raised to create a bet¬ 
ter endeavour or expedition, but with the single pur¬ 
pose of advancing the Society’s aim and its 
deep-seated aspirations for Youth. The Society has 
arguably achieved this. No one should underestimate 
that achievement. The illusion was never about suc¬ 
cess, but what we expected of it. The Society has, 
through its support of the 4 ,h IPY and RSV - IN¬ 
TREPID, rekindled its vigour and soul, and for the 
sake of its future we must (all Members alike) ensure 
we nurture that flickering flame so that its intensity 
grows and The Royal Society of Victoria once again 
serves as a beacon for Science in society. 

I deeply regret failing the Society thus far in its 
ambition to mount these two expeditions. I remain 
hopeful as far as Expedition II is concerned, but not 
overly optimistic! 1 consider myself honoured to have 
been appointed to the task. I thank the Society, and 
all those who have assisted me. 1 am particularly 
grateful for the support and advice of Dr Phil Law, 
and my old professor Dr Larry Harrington, without 
whose guidance and wisdom I would not have 
managed. 

W.J.W. McAuley 
Vice - President 
Leader RSV - INTREPID 


AUSTEOC 

(The Australian Education Outreach and 
Communication Centre) 

The Society has, throughout the year attempted to 
support RSV-INTREPID with a series of Education, 
Outreach and Communication (E, O and C') activities 
which have brought great credit to the Society plac¬ 
ing it firmly on the international polar science scene. 

Following the visit by HRH The Duke of Edin¬ 
burgh in March 2006. the Society organized an his¬ 
toric teleconference with Davis Station in January. 
This marked the 50 lh anniversary of its establishment 
by Dr Phillip Law (13 January 1957). Dr Law ac¬ 
tively participated in the proceedings. 

On 1 March the Society launched its programme 
for the 4 lh International Polar Year thus cementing its 


involvement in each IPY since 1882. His Excellency 
the Governor, Professor David de Kretser (as Patron) 
officiated on the day with a number of papers being 
delivered by several eminent scientists. 

The Royal Australian Mint released its SI Polar 
Coin the same day using our premises to do so. The 
Society (particularly through the efforts of Mr David 
Dodd JP) has worked assiduously with the Mint to 
develop a commemorative series of coins to celebrate 
Australia’s involvement in Antarctic discovery, ex¬ 
ploration and science. This association will continue 
with the release of their $5 silver proof coins during 
2008. The Society will also partner the Mint in the 
release of two additional polar coins in the scries. 

We took the opportunity (offered by our launch 
of the IPY) to present an historic playbill to The The¬ 
atre Royal of Hobart, immortalising the play per¬ 
formed there on 3 May, 1841 which celebrated the 
return of Captain Ross’s Antarctic expedition. The 
playbill was entitled ‘South Polar Expedition or the 
Discoveries of Voyages of Capts. Ross and Crazier’. 
The occasion is recorded in our December issue of 
the Proceedings (Vol. 119 No. 2, 31). 

In August the Society' hosted the Philatelic Branch 
of Australia Post which launched their 2007 Austral¬ 
ian Antarctic Territory stamps. Mr Dodd has also as¬ 
sisted in the preparation and design of a further 
commemorative series of stamps to celebrate the dis¬ 
covery of the South Magnetic Pole in January 1909. 

Subject to the availability of two suitable jumbo 
aircraft, the Society plans to fly over the South Mag¬ 
netic Pole in January 2009 (with a full complement 
of subscribing Members and polar science commen¬ 
tators) commemorating one hundred years to the day 
it was discovered and precisely located by Professor 
Edgeworth David, the then Douglas Mawson and Dr 
Alastair Mackay, each a member of Sir Ernest Shack- 
leton’s British National Antarctic Expedition of 1907 
- 09. This is planned to coincide with our ice-breaker 
rendezvousing with our aircraft circling overhead. 

May 2009 will see a symposium conducted to 
celebrate the achievements of a most famous, former 
Vice-President of the Society, Professor George von 
Neumayer: arguably the father of the First Interna¬ 
tional Polar Year of 1882-83. There are many other 
exciting projects ahead of us including the celebra¬ 
tion of Burke and Wills’ Sesquicentenary Expedition 
in 2010. 

W.J.W. McAuley 

Convener 
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the royal societies of 

AUSTRALIA (RSA) 

ACN 126 868 586 

The Royal Society of Victoria (through its Vice - 
President Captain Bill McAuley) has, since early 
2003 been systematically working towards the es¬ 
tablishment of a national entity to syndicate the 
strengths of each of the state-based Royal Societies 
in Australia. This was finally achieved 3 of August, 
2007 when The RSA was registered as a public com¬ 
pany limited by guarantee. 

There have been 3 national conventions to date, 
the first conducted at the University of Sydney, Sat¬ 
urday, 4 December, 2004. the second at the RSV Sat¬ 
urday’ 12 November, 2005, with the third (again in 
the RSV) Saturday, 11 November, 2006. 

The Royal Societies of New South Wales (1821), 
South Australia (1853), Victoria (1854), Queens¬ 
land (1859) and Western Australia (1891) have 
adopted formal Membership. His Excellency the 
Governor General of the Commonwealth of Aus¬ 
tralia accepted the RSA’s invitation to become 
Patron on 24 October, 2007 with the Chief Scientist 
of the Commonwealth of Australia invited to be¬ 
come Vice - Patron. 

The directors required by the Australian Securi¬ 
ties and Investments Commission remain as: 

Professor J. Kelly (RSNSW) Director 

Capt. W.J.W. McAuley (RSV) Secretary and 

Director 

Professor T.F. Smith (RSV) Director 

The first formal meeting of the RSA (as a public 
company limited by guarantee) is planned to be con¬ 
ducted Saturday, 2 February, 2008 in the Common¬ 
wealth Club Canberra at which 15 Members of 
Council will be elected to prosecute the aim of the 
Society - the promotion and advancement of Science 
in Society for Society. 

This action will thrust Australia’s newest scien¬ 
tific society onto the world stage with a joint history 
of about a thousand years hosting an immense reser¬ 
voir of collective wisdom, influence and authority. 
The RSA can now represent some thousands of sci¬ 
ence savy constituents with a much stronger voice in 
the affairs of science, not only in this country, but 
throughout the world. 

After five solid years of work, achieving this out¬ 
come is most pleasing. Much good should come 
from this action, especially the Education, Outreach 
and Communication programme designed to engage 
our Youth with Science. 


W.J.W. McAuley 
Secretary 

The Royal Societies of Australia 

2007 PROGRAM 

The Society continued its program of evening lec¬ 
tures (the second Thursday of each month from 
March to December). These lectures continued to be 
free to members and their guests, covered a diverse 
range of topics of scientific interest that spanned 
most areas of science, and provided an opportunity 
to converse with speakers. Once again the lectures 
were of very high quality with speakers recognised 
as experts in their field. Audiences continued to be 
of near capacity this year. (Additional seating is al¬ 
ways available in the Library should it be needed to 
cope with any overflow.) The list of the 2007 speak¬ 
ers and topics (listed below), and the abstracts are 
available on the Society's web page. Addresses and 
the resulting discussion covered diverse topics in¬ 
cluding: the Immediate Past President s own research 
on extracting a pain reliever from the marine animal 
conus: the use of the immune system in the body’s 
fight against cancer; work in the large wind tunnel at 
Monash University; a fascinating talk on stem cells 
and their role; changes in the Southern Ocean sea 
surface temperature and their effect on us; the varia¬ 
bility' of Australian river Hows; the Antarctic ice 
sheet; the use of genetic engineering in sustainable 
agriculture; the use of DNA to explore the history of 
species; and a talk by the President of the Australian 
Academy of Sciences on the science needs of Aus¬ 
tralia. In all they constituted a fascinating set of talks 
for our members and we are very grateful to all of 
the speakers. 

In addition, there were a number of other activi¬ 
ties open to members. 

Dr P.G. Law's 95 th Birthday 

On Friday, 20 April this year, 160 people attended a 
very enjoyable evening of activities hosted by Capt. 
Bill McAuley, Vice-President. Speeches were deliv¬ 
ered by Prof. John Swan, Mr Dick Thompson, Mr 
Syd Kirkby and Dr John Zillman followed by dinner 
in the Melbourne Club. In December a fine portrait 
of Dr Law by Prof. Vladimir Sobolev was unveiled. 
It hangs in the Society. 
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The Sesquicentenary of Blandowski’s Expedition to 
the Murray River 

A very enjoyable symposium was held to honour 
Blandowski’s Expedition to the Murray River from 
21 until 23 September at LaTrobe University’s Mil- 
dura Campus. The first day was given to a self-guided 
field trip followed by a reception hosted by the 
Mayor, Cr. John Arnold at the Mildura Art Gallery. 
On Saturday the symposium was officially opened 
by the President and followed by very informative 
talks on perspectives of Aboriginal life and death, to¬ 
gether with talks on the natural history associated the 
expedition and the collections developed. In the 
evening a cruise and dinner was hosted on the Mur¬ 
ray River. The third day was given to art and descrip¬ 
tion of the expedition. Later in the year, 11 December, 
the Blandowski Special Lecture was given by Prof. 
Harry Allen. 

RSV/GSAVHowitt Lecture 

Dr Mike Sandiford gave the Howitt Lecture on the 
topic of ‘Australia’s Ancient Landscapes: Lessons 
for an Uncertain Future’. 28 June. 


Special lecture by Dr Frank Leahy 

Dr Leahy gave a talk ‘The Diaries and Astronomical 
Records of Wills’ on 16 August. This fascinating talk 
explained much of Dr Leahy's work over the past 
over 20 years in locating the site of the ‘Plant Camp’ 
with detailed discussion in support of the accurate 
measurements of Wills. 

As a further note. Dr Leahy left on further inves¬ 
tigations of the topic soon after his talk to our mem¬ 
bers and, remarkably, he has now heated the site of 
the Plant Camp and retrieved some of the equipment 
left behind by the Victorian Exploration Expedition 
of 1861! A most remarkable achievement! 

RSV Post-Graduate Student Prizes 

The six finalists for the student prizes spoke on 21 
August with the prize in biological sciences going to 
Chelsea Stoikos (Monash University) for a talk on 
‘BMP-2 and TGFB-1 Increase during Human En¬ 
dometrial Stromal Cell Decidualization’ and the 
prize in physical sciences going to Alexandra Ange- 


latos (The University of Melbourne) for a talk on 
‘Light-responsive Polyelectrolyte/Gold Nanoparti¬ 
cles Microcapsules’. All talks were noted as being of 
very high quality. 

Other activities 

The Royal Historical Society of Victoria and The 
Royal Society of Victoria lecture entitled ‘Delving 
Into The Buchan Caves’ was presented by Assoc. 
Prof. John Webb, LaTrobe University, Dr Mark Ella- 
way, Anthropology and Environmental Studies, Uni¬ 
versity of Melbourne, Assc. Prof. Brian Finlayson, 
School of Social and Environmental Enquiry, Uni¬ 
versity of Melbourne, Prof. Elery Hamilton-Smith, 
Environmental Studies, Charles Sturt University and 
Prof. Kevin O’Connor, Faculty of Architecture, Uni¬ 
versity of Melbourne on 26 April. 

The Royal Society of Victoria and Geologiccd So¬ 
ciety of Australia Inc. (Victoria Division) A. W. Howitt 
Lecture - The fourth such lecture entitled ‘Austral¬ 
ia’s Ancient Landscapes: Lessons For An Uncertain 
Future’ was given by Prof. Mike Sandiford, ARC 
Professoria Fellow, The University of Melbourne on 
28 June. 

The Royal Historical Society of Victoria and The 
Royal Society of Victoria lecture entitled ‘Botanical 
Riches’ was presented by Richard Aitken on 9 
October. 

The Society also held joint meetings with the 
Australian Institute of Energy Melbourne Branch. 

A delegation of seven members of the Chinese 
Hebei Science and Technology Foundation visited the 
Society. 

The Society supported the 56 lh Science Talent 
Search for schools through AUSTEOC held at La 
Trobe University - three Members attended. 

The RSV continued to provide non-financial 
support to two sail training groups with expectation 
of their future use by the Society. 1 he Victorian Sail 
Training Foundation (VSTF) has constructed a 6m 
prototype according to its director, Mr David Boykett. 
The VSTF aims to build a 41m ocean going barquen- 
tine for routine scientific expedition tasking. In addi¬ 
tion, Dr Peter Harris, President, Tall Ships Victoria 
(TSV) has also brought to the Society's attention a 
proposal to construct a traditional sailing ship for 
scientific expedition purposes. 
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2007 LECTURE SERIES 

8 March 

Assoc.Prof. Bruce Livett, Immediate Past President, The Royal Society of Victoria, 
Department of Biochemistry and Molecular Biology and Bio21, Molecular Science and 
Biotechnology Institute 

‘MOLECULAR PROSPECTING FOR A MOLLUSC’S MORPIIINE: TI IE ONUS IS ON 
CONUS' 

12 April 

Prof. Simon Watkins, Automotive Engineering, Mechanical and Manufacturing Engineering, 
RMIT University 

‘AERODYNAMIC AND AEROACOUSTIC RESEARCH IN AUSTRALIA: BIG CARS 
AND SMALL PLANES’ 

10 May 

Prof. H. Miles Prince, Chair of Cancer Services, Peter MacCallum Cancer Institute 
‘HARNESSING THE IMMUNE SYSTEM TO TACKLE CANCER’ 

14 June 

Dr Barrie McKelvey, Division of Earth Sciences, School of Environmental Sciences and 

Natural Resources Management, University of New England 

‘THE ANTARCTIC ICE SHEET: A CONTROVERSIAL 1IISTORY’ 

12 July 

Prof. Richard Roush, Dean, Faculty of Land and Food Resources, The University of Melbourne 
‘TRANSGENIC CROPS: BANE FOR THE ENVIRONMENT OR PART OF 
SUSTAINABLE AGRICULTURE?’ 

9 August 

Prof. Tom McMahon, Department of Civil Engineering, The University of Melbourne 
‘VARIABILITY OF STREAM FLOWS’ 


13 September Dr W. Jim Peacock, AC, FRS, FAA, FTSE, Chief Scientist 
‘SCIENCE FOR AUSTRALIA'S FUTURE’ 


11 October 

Dr Jeremy Austin, Australian Centre for Ancient DNA, School of Earth and Environmental 
Sciences, The University of Adelaide 

‘DODOS TO DNA. WHAT CAN DNA TELL US ABOUT THE HISTORY AND 

ECOLOGY OF EXTINCT SPECIES’ 

9 November 

Dr Mary Familari, Department of Zoology, The University of Melbourne 
‘STEM CELLS MADE EASY’ 

13 December 

Prof. Matthew England, The Royal Society of Victoria 2007 Medal Lecture (Earth Sciences) 
Climate and Environmental Dynamics Laboratory, School of Mathematics and Statistics, The 
University of New South Wales 

‘WATER-MASS VARIABILITY AND CHANGE IN THE SOUTHERN OCEAN’ 
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RECIPROCAL ARRANGEMENTS WITH 
THE KELVIN CLUB (KC) 

THE GRADUATE UNION OF THE 
UNIVERSITY OF MELBOURNE (GU) 

AND THE ROYAL OVERSEAS LEAGUE (ROL) 

Negotiations as between the Society and the above- 
mentioned organisations have resulted in the KC for 
example, providing access to its facilities to Mem¬ 
bers of the Society (at no fee except for consuma¬ 
bles) over two years as a trial (2008-2009 inclusive). 
Members of the KC will enjoy similar rights in the 
Society over the same period. 

If present arrangements with the GU materialise 
in a formal agreement, this should result in access to 
its facilities, under similar arrangements as the KC. 

The ROL continues to publish the Society’s pro¬ 
gramme and it is hoped similar arrangements might 
also be negotiated with it. 

By way of example the KC and GU offer fine 
dining and other amenities (including accommoda¬ 
tion in the case of Graduate Union) 

Reciprocal clubarrangementsareavailablethrough- 
out Australia and overseas, including the UK, Europe, 
South Africa, the Middle East, Asia and the USA. 

Members of the Society may avail themselves 
the opportunity of enjoying these rights simply by 
approaching the KC in the usual way. More details 
concerning these arrangements will be published in 
the newsletter. 

Camilla van Megen 
Executive Officer 


THE RESEARCH MEDAL FOR 2007 

The 43 r,i Award of the Society’s Medal for Scientific 
Research (The Royal Society of Victoria Research 
Medal) was awarded to Professor Matthew England. 
The presentation to Prof. England was made by Capt. 
McAuley on 13 December, 2007. 

STUDY GRANTS 

Post-Graduate Student Prizes in Tlw Physical and 
Biological Sciences: 

The winner of the Prize in Biological Sciences was Ms 
Chelsea Stoikos (Monash University) with an excel¬ 


lent address on ‘BMP-2 and TGFB-1 Increase During 
Human Endometrial Stromal Cell Decidualization.’ 

The winner of the Prize in Physical Sciences was 
Ms Alexandra Angelatos (University of Melbourne) 
with an equally excellent address on ‘Light Responsive 
Polyelcctrolyte/Gold Nanoparticle Microcoapsules.’ 


Membership Committee 

Prof. Lynne Sehvood (Convener), Lt.Col. Richard 
Lightfoot, Prof. Peter Kershaw, Prof. John Buck- 
eridge, Mr Martin Harris, Prof. Peter Baines, Mr 
Mark Williams. 

The Membership Committee met eight times 
during 2007 and had an additional flurry of meetings 
at the time of the short listing of candidates for the 
Post Graduate Student Prizes. 

The student prize night was implemented to give 
students further professional opportunities and to in¬ 
crease student participation in the Society. The prize 
night, when six short listed candidates presented their 
work, continues to be a successful event and it was a 
tremendously rewarding night to hear such excellent 
candidates. The Student prize night was held in Sci¬ 
ence Week on 21 August, 2007. The committee spent 
a considerable amount of time deciding who to short 
list and was very impressed with the 32 submissions, 
all of which were of very high standard. Student Prizes 
are now available in Earth Sciences (supported by the 
Neil Archbold Estate), Biological Sciences (supported 
by the E.D. Gill Fund) and the Physical Sciences. 

Society Members are reminded that all prizes 
need your support and donations can be made to the 
Postgraduate Student Prizes. The opportunity exists 
for interested benefactors to sponsor a new category. 

An additional benefit of the Post Graduate Stu¬ 
dent prizes is that we now have many more student 
members, some of whom continue, with their fami¬ 
lies and friends, to attend the ordinary meetings. 
Please go up and introduce yourself and make them 
welcome at the suppers. 

Membership continues to increase, in part be¬ 
cause of the high level of activity ol the Society, with 
special Symposia being held annually as well as the 
ordinary meetings. We now have more than 700 
members and three corporate members. The commit¬ 
tee has also been exploring the idea of having a spe¬ 
cial category of membership targeted at smaller 
companies. We are looking forward to an exciting 
and busy year in 2008. 
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I would like to take this opportunity to thank the 
members of the committee, who continue to amaze 
me with their proactive approach and hard work at 
critical times. 

Lynne Selwood 
C ouncillor 

MEMBERSHIP 2007 


Elected 112 

Transfer to Life Membership 0 

Transfer to Life Membership (Honoris Causa) 0 
Resignations 49 

Deaths 8 

Removals (failure to pay subscription) 7 

Total Membership 837 


List of Corporate Membership 
Australian Delphi User Group Inc. 

Davies Collison Cave 
Melbourne Grammar School 
School of Philosophy (Melb) Inc. 

Woodleigh School 

VALE 

The following deaths are recorded with deep 
sympathy 

Mr Andrew Y. Bernhart 

Dr William Robert Stacpoole Briggs 

Dr John Howard Champness 

Mr A. John Coventry 

Mr Ivo A. Dean 

Prof. H.R. Clive Pratt 

Mr Ronald Tripp 

Mr James C. F. Wharton 


PROCEEDINGS 

Members will have noticed that the structure of the 
Society’s Journal has been evolving over the past few 
issues. We are tending to produce one routine issue 
each year and one that contains the proceedings of a 
conference or seminar dedicated to a topic of partic¬ 
ular significance to readers. The 2007 issue Volume 
119 Part I was distributed in October 2007 and Part 
2 will be published in January 2008. Dr Elizabeth 
Weldon has provided an effective link between the 


Society and our production partner Publishing 
Solutions. 

Basil Walby 
Honorary Editor 

PROCEEDINGS 

The papers included in Volume 119 (Numbers 1 and 
2) are listed below: 

NUMBER I 

William R.H. Ramsay & Elizabeth G. Ramsay 
With Chemical Analyses By Steve Swenser 
A classification of Bow porcelain from first patent 
to closure: c. 1743 - 1774 

Hannah Nair & John Sherwood 
An unusual shell deposit at Point Ritchie, 
Warrnambool, Victoria - Predator midden or natural 
shell deposit? 

TRANSACTIONS 
Alan Finkel 

An engineers insight into the electrical activity of 
the brain - J.E. Cummins OBE Memorial Oration 
delivered 26 October, 2006 at The Royal Society of 
Victoria 

NUMBER 2 

Anneke A. Veenstra-Quah & Geoff Duke 
Invertebrate Drift in an Australian Urban Stream - 
Darebin Creek, Victoria 

TRANSACTIONS 

Mark Thomas Warne 

Nomenclature Note on the Ostracod Species 

Loxocythere (Novoloxocythere) pilens Warne, 2004 

David M. Dodd, William J.W. Mcauley, John W. 
Zillman, Kurt Lambeck & Hiliary J. Harrington 
Launch of the Society’s Program for the 4 ,h Interna¬ 
tional Polar Year 2007 - 2008. 

William J.W. Mcauley, Robert P. Lachal, John M. 
Swan, Syd Kirkby, Geoffrey Vaughan, John 
Zillman, Richard H.j. Thompson, & Phillip G. Law 
The 95 th birthday of Dr Phillip Garth Law 

Council Of The Royal Society Of Victoria 
Annual Report for the Twelve Months Ending 
31 December 2006 

Volume 120 will be published in 2008. 
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OTHER PUBLICATIONS 

Spiders and Scorpions Commonly Found in Victoria 
by Ken L. Walker, Alan L. Yen and Graham A. 
Milledgc. 

The Yana: A Natural Treasure by David Beardsell and 
Cam Beardsell. 

Gemstones and Minerals of Victoria by William D. 
Birch and Dermot A. Henry (joint publication with 
the Mineralogical Society of Victoria). 

Volcanoes in Victoria by William D. Birch. 

Education, Antarctica, Marine Science and Australia s 
Future, Proceedings of the Phillip Law 80th Birthday 
Symposium. 

The Royal Society of Victoria from Then, 1854 to Now, 
1959 by R.T.M. Prescott (reprinted). 

Facsimile edition of the Inaugural Addresses of the 
First Presidents, Mr. Justice Redmond Barry, Presi¬ 
dent of The Victorian Institute for the Advancement 
of Science, and Captain Andrew Clarke, R.E., Sur¬ 
veyor General, President of The Philosophical 
Society. 

Facsimile edition of The Transit of Venus 1874 by 
R.L.J. Ellery 


LIBRARY 

I. General Information on the RSV Library 

Collection 

For 153 years The Royal Society of Victoria (RSV) 
has exchanged its Pmceedings with the publications 
from scientific institutions and learned societies 
worldwide. A large library of scientific periodicals 
has accumulated. Serials make up the bulk of the 
collection. Since 2000, most of the RSV Library has 
been housed as a Special Collection at Deakin Uni¬ 
versity, Melbourne Campus, 221 Burwood Highway, 
Burwood. 

A minor portion of the RSV library, consisting 
mainly of older periodicals and also proceedings of 
Royal Societies from around Australia as well as some 
books and ephemera, is still housed in the Society. 

There are some 1,385 serial titles in the collection 
with the number of individual items running to many 
thousands. It is estimated that at least 35% of the ma¬ 
terial held in this collection is unique to Australia. 


The catalogue for the RSV collection is now accessi¬ 
ble on-line via Deakin University’s Library web-site 
(www.deakin.edu.au/library/spc/spcrsv.php). 

Access to the collection is available by appoint¬ 
ment and inter-library loans and photocopying facili¬ 
ties are available. It is recommended that anyone 
wishing to access the collection's hard-copy should 
make an appointment (Nancy Russell Tel: (03) 9244 
3701. Email: nancy.russell@deakin.edu.au). 24 hours 
notice is required to allow the librarians to check if 
the material requested is available. 

Members of the Society, local and international 
scholars, the general community, and staff and stu¬ 
dents of Deakin University are all welcome to visit 
the Library and utilise the RSV collection. In 2007 
there continued to be a steady demand for use of the 
RSV collection. There is ongoing demand for interli¬ 
brary loans and for direct access to hardcopy mate¬ 
rial, often by PhD students. 

2. Processing of RSV Library Material 

In 2007 an arrangement was instituted whereby all 
processing of the Society’s library material (formerly 
carried out at Deakin University Burwood Campus) 
is now managed by Janine Epps (Collection Man¬ 
ager, Acquisitions, Deakin University Waterfront 
Campus Library, Geelong). Any new exchange peri¬ 
odicals received by the Society are sent to Deakin s 
Waterfront Campus Library by courier (a service 
provided by Deakin University at no cost to the Soci¬ 
ety) for processing. The processed material is then 
returned to the Burwood Campus and housed as the 
RSV Special Collection. 

3. RSV and Deakin University’ Contract 

A formal agreement between The Royal Society of 
Victoria and Deakin University concerning the fu¬ 
ture custody of the collection is pending. 

Guang Siii 
H onorary Librarian 

THE HALL 

It is pleasing to note that numerous organisations 
conducted over 300 meetings during the year. This 
result is directly attributable to the promotional 
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efforts of our Executive Officer, Ms van Megen and 
Mr McArthur, The Society’s Caretaker. In addition to 
the aforementioned. The Society hosted a variety of 
other like-minded bodies, which, without pro bono 
support would almost certainly wither on the vine. 

METEOROLOGICAL OBSERVING SITE 

The Commonwealth Bureau of Meteorology contin¬ 
ues its lease. 


CITY OF MELBOURNE 

The Council wishes to acknowledge with gratitude 
the continued maintenance and refurbishment of the 
grounds of The Society as part of The City of Mel¬ 
bourne’s open space system. 

FINANCIAL ACCOUNTS 

The Society’s accounts (as at 31 December 2007) 
comprising its Balance Sheet, Statement of Income 
and Expenditure, and Schedule of Investments have 
been audited and confirmed by Mrs Kovassy, as The 
Society’s Honorary Auditor; both she, the Executive 
Officer and the Administration Officer, Mr Tsak- 
makis (who prepared the accounts) deserve credit. 

/. Balance Sheet 

The reporting period (1 January' - 31 December 
2007) saw Total Members Funds decrease by 
S43,042.00, whilst Total Current Assets decreased by 
$65,373.00. Total Fixed Assets increased by 
$17,244.00. Total Investments (at cost) decreased 
ever so little by $2,063.00 to SI29,608.00. Total As¬ 
sets decreased by $50,192.00 to $907,926.00. Total 
Current Liabilities stand at $40,408.00 showing a 
decrease of $6,549.00 over the last financial year. 

Shares (at market value) are quoted according to 
their portfolio valuation provided by Ralton Group 
Ltd. 

Books on hand (shown as Stock - publications) 
are stated at cost. A planned stocktake should reveal 
a more realistic value. 

Replacement furniture and office equipment was 
acquired during the reporting period to meet forecast 
demand. 


2. Statement of Income and Expenditure 

A Revenue 

1. Donation by Dr Phillip Law of $50,000.00. A total 
of $8,317.00 was donated by other Members. 

2. Members Subscriptions rose by a modest 3.5% 
to nearly $83,000.00. 

3. Sales of Proceedings almost doubled to 
$20,370.00 

4. Sales of publications remained steady. 

5. Rental income reduced slightly as a result of in¬ 
ternal repairs to the Supper Room. 

6. Symposia and Seminars recorded a doubling be¬ 
cause of activities (Blandowski). 

7. Meetings increased by 50%. 

8. Projects remained steady. 

9. Sundry Income remains as per 2006. 

Overall Total Revenue decreased by 30% to 

$462,522.00. Total income has dropped due to the 

$250,000 one-off donation received during 2006 

from The Vera Moore Foundation. 

B Expenditure 

1. Advertising, Promotion and Related Expenses 
reduced to half by way of RSV-INTREPID. 

2. Fundraising costs were reduced by over 30%. 
RSV - INTREPID promotion and publicity ab¬ 
sorbed some of these costs. 

3. Insurance increased by 40% to SI 6,736.00 owing 
to premium adjustments and the provision of Di¬ 
rectors PI. insurance. 

4. Light and Power costs rose modestly. 

5. Office Expenditure increased by 20% during the 
year. 

6. Caretaking and Property Attendance decreased 
by nearly 15% (principally owing to decreased 
activity). 

7. Rates and Taxes rose slightly. 

8. Repairs and Maintenance. The Building Works 
during the year included refurbishment to the 
cottage and improvements to the car park (which 
included landscaping). In addition there were re¬ 
pairs, plastering and painting works to the Sup¬ 
per Room. Reading Room and Hallway. 

9. Salaries, Workcare and Superannuation de¬ 
creased by 7% due to reduced staffing. In the 
previous year there was additional staff/time em¬ 
ployed to update office systems (financial, mem¬ 
bership and administrative matters). 

10. Rental increased by 17% reflecting increasing 
use of the premises. 
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11. The cost of our Proceedings increased by 34%. Three 
issues required to be published in the same year. 

12. Seminar and Symposia expenses increased by 
70% due to the Blandowski Symposium. A cor¬ 
responding increase in the cost of Seminars is 
shown under Expenses. 

13. The expenditure attributed to Projects decreased 
by half to S20,000.00 (principally because of 
RSV-INTREPID). 

14. Sundry expenses are down 10% to just over 
SI 0,000.00. 

An overall decrease in Total Expenditure to 

$422,791.00 was achieved; still recording a loss o f 

543,642.00 after abnormal building and RSV-IN- 

REPID expenses. 


3. Schedule of Investments 

The market value of the Discretionary Share Portfo¬ 
lio (managed by the Ralton Group Ltd.) stands at 
$285,878.00. This represents $154,772,000 over ac¬ 
quisition cost. 

The Cash and Share Summary provides a useful 
picture - the total of which stands at $712,044.00 a 
decrease of $38,694.00 over the reporting period. 


4. Observations 

The Society’s position on a year to year basis is af¬ 
fected by the amounts donated and the scale of activity, 
particularly symposia. This is a key factor that affects 
the liquidity of the Society. This is reflected in the dif¬ 
ference in the Nett Income of 2006 when $250,000.00 
from the Vera Moore Foundation was received. There 
being only limited donations in 2007 which is then re¬ 
flected in the decrease in the Current asset. 

The Society’s survival is based on membership. 
Symposia, projects, i.e. RSV-INTREPID, and Bland¬ 
owski which in turn raises the Society’s profile and 
sponsorship. 

The Society cannot rely on subscriptions and 
normal activities and requires a sinking fund of do¬ 
nations to provide an ongoing source of funding to 
achieve the Society’s future goals. 

1 would like to record my sincere thanks to the 
Executive Officer, Ms van Megen. 

Richard Lightfoot 
Honorary Treasurer 


ACKNOWLEDGMENTS 

The Society’s thanks and appreciation are due those 
people and organisations that contributed their valu¬ 
able assistance during the year. Notably: 

- Mr J.W. Logan Armstrong, Solicitor 

- Mr John Selak, Senior Partner, Messrs Ernst & 
Young, Honorary Accountants 

Mr Alistair Urquhart, Affairs of State 

- Lt. Col. Richard Lightfoot, Honorary Engineer 
Mr Paul Hayscy, F.W. Holst & Co 

Mr Douglas Graeme, QC, Honorary Counsel 

- Dr Elizabeth Weldon, Honorary Managing 
Editor 

Mrs Marianne Kovassy, Honorary Auditor 

- The Ralton Group Ltd., Honorary Financial 
Investment Advisors 

Mr Marcus van Megen, IT Consultant 

- Mr Alan Lugton, Caral Building Services Pty. 
Ltd. 

Dr Dallas Isaacs 
Mr David Dodd 
Mr Roger Morgan 

Volunteer assistance with the Newsletter and 
other onerous tasks - Wendy Coates, Leon 
Costermans, Barbara Day, lan Farnsworth, Bill 
Fenner, Richard Franklin, Maretta Frolley, Jim 
Lowden, Elaine Muir, Ken Simpson and George 
Snell ing. 

Ms Janene Blanchfield-Brown 


ADMINISTRATION 


Our Executive Officer has continued to skilfully 
manage the Society during 2007. Her staff, together 
with their duties, are listed below. Council expresses 
its appreciation for their dedicated and cfl icient work 


on behalf of the Society. 
Camilla van Megen 
Mr Alex Tsakmakis 

Ms Margaret Haslam 

Mrs Janet Jackson 
Mr James McArthur 


Executive Officer 
Administration Officer 
(part time) 

Administration Officer 
(part time January- 
November) 

Secretary (part time) 
Caretaker and Function 
Supervisor 
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CONCLUDING REMARKS 

I once again thank all Councillors, staff and mem¬ 
bers for their support and wish the Society a very 
successful and prosperous 2008. 

This Report is approved by Council for presenta¬ 
tion to Members at the Annual General Meeting to 
be conducted Thursday, 13 March, 2008. 

Graham D. Burrows, AO, KCSJ 
President 
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CONTENTS OF VOLUME 120 

Issue number in brackets 


Alvarez, Fernando & Brunton, C. I Ioward C. 

On the reliability of reconstructing and comparing brachiopod interiors and their 


morphological variations based solely on serial sections 

(1) 

58 

Angiolini, Lucia & Long, Sarah L. 

The ENS Collection: a systematic study of brachiopods from the Lower Permian Voringen 
Member, Kapp Starostin Formation, Spitsbergen 

0) 

75 

Biakov, Alexander S. 

Permian bivalves of the Family Kolyniiidae Kusnezov of northeast Asia: systematics, 
evolution, and biostratigraphy 

(1) 

104 

Boon, Paul 1., Raulings, Elisa 1, Roache, Michael & Morris, Kay 

Vegetation changes over a four-decade period in Dowd Morass, a brackish-water wetland 
of the Gippsland Lakes, south-eastern Australia 

(2) 

403 

Branagan, David 

Captain Eugene de Hautpick - A Russian ghost in Australian mining and geological history? 

(1) 

118 

Campbell, Hamisii J., Adams, Chris J. & Mortimer, Nick 

Exploring the Australian geological heritage ofZealandia and New Zealand 

(1) 

38 

Campi, Monica J. 

New taxa and combinations of Neil W. Archbold 

(1) 

27 

Cisterna, G.A. & Sterren, A.F. 

Late Carboniferous Levipuslula Fauna in the Leoncito Formation, San Juan Province, 
Argentine Prccordillera: biostratigraphical and palaeoclimatological implications 

(1) 

137 

Council of The Royal Society Of Victoria 

Annual report for the twelve months ending 31 December 2007 

(2) 

liii 

Davey, Christopher J. & Edwards, W. Ian 

Crucibles from the Bronze Age of Egypt and Mesopotamia 

(1) 

148 

England, Matthew H. 

Water mass variability and change in the Southern Ocean 

(2) 

i 

Harrington, H J. Larry 

Zealandia, Victoria, Tasmania, southeast Queensland, New Caledonia and the Austral 
Volcanic Island Arc 

(2) 

V 

He, Weihong, Shi, G.R., Gao, Yongqun, Peng, Yuanqiao, & Zhang, Yang 

A new Early Triassic microgastropod fauna from the Zhongzhai Section, Guizhou, 
southwestern China 

(1) 

157 

Hiller, Norton, Robinson, Jeffrey H. & Lee, Daphne E. 

The micromorphic brachiopod /( rgyrotheca (Terebratulida: Megathyridoidea) in Australia 

# 


and New Zealand 

(1) 

167 

Lieberman, B.S. 

Emerging syntheses between palaeobiogeography and macroevolutionary theory 

(1) 

51 

Long, John A. & Holland, Timothy 

A possible ‘elpistostegalid’ fish from the Devonian of Gondwana 

(1) 

184 

MartInez Chac6n, M. Luisa & Winkler Prins, Cor F. 

New Bashkirian (Carboniferous) brachiopods from Latores (Asturias, N Spain) 

(1) 

194 

Contents continued 

overleaf 




Pascoe, Jack H., Cooke, Raylene & White, John G. 

Detection of owls, owlet nightjars and arboreal mammals in edge environments of 

Cape Otway, south-western Victoria (1) 

Pierson, R.R- 

Clacisiene Permian sediments and associated striated pavements of Victoria - 

an historical review (D 

Ramsay, William R.H. & Ramsay, Elizabeth G. 

A case for the production of the earliest commercial hard-paste porcelains in the 


English-speaking world by Edward Hcylyn and Thomas Frye in about 1743 (1) 

Rich, Thomas H. & Vickers-Rich, Patricia 

Tunneling into permafrost for polar dinosaurs (2) 

Sherwood. J., Mondon, J. & Fenton, C. 

Classification and management issues of estuaries in western Victoria, Australia (1) 

Shi, G.R.. Chen, Z.Q. & Tong, Jin-nan 

New latest Carboniferous brachiopods from the Hexi Corridor Terrane, North China: 

faunal migrations and palaeogeographical implications (1) 

Stokes, David 

Foreword '') 

Taboada, A.C. 


First record of the Late Palaeozoic brachiopod Verchojania Abramov in Patagonia, Argentina (1) 
Taddei Ruggiero, Emma & Raia, Pasquale 

Ontoeeny in Terebratula species: functional convergence and allometry but not heterochrony (1) 
Talent, John A. 

Passing of a polymath: Neil Wilfred Archbold (1950-2005) Professor of Palaeontology, 


Deakin University (•) 

Talent, John A. & Campi, Monica J. 

Bibliography of Neil W. Archbold (1) 

TazaWA, J. 

A bipolar brachiopod genus Terrakea Booker, 1930 from the Middle Permian of the 

South Kitakami Belt, northeast Japan (1) 

Twidale, C.R. & Kenley, P.R. 

A.D.N. Bain and inselberge (2) 

Warne, Mark Thomas 


Comments on the identity of Trachyleberis scabrocuneata (Brady, 1880) and Trachyleberis 


lytteltonensis Harding and Sylvester-Bradley, 1953 (Ostracoda) from Australasian and 

Asian marine waters (1) 

Waterhouse, J.B. 

Golden Spikes and Black Flags - macro-invertebrate faunal zones for the Permian of 

east Australia (1) 

Webb, J.A. & Spence, E. 

Glaciomarine Early Permian strata at Bacchus Marsh, central Victoria - the final phase of 
Late Palaeozoic glaciation in southern Australia (1) 

Winkler Prins, Cor F. 

Some spiriferid brachiopods from the Permian of Timor (Indonesia) (1) 
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INSTRUCTIONS FOR AUTHORS 


This is an abbreviated version of the instructions; for full 
instructions please refer to the downloadable pdf file on the 
RSV website at: www.sciencevictoria.org.au/proceedings. 
html 

Papers considered may be: Reviews, Reports of experi¬ 
mental or descriptive research, or Short Communications. 
Length may vary but Short Communications should not ex¬ 
ceed 1500 words. Manuscripts submitted must not have 
been previously published or be under consideration for 
publication elsewhere. 

SUBMISSION 

The original and two copies of the typescript and all tables 
and figures should be submitted to the Executive Officer, 
Royal Society of Victoria, 9 Victoria Street, Melbourne, 
Victoria, 3000. Use International A4 bond paper, printed on 
one side only. A CD-ROM containing all files comprising 
the paper should also be submitted, as many referees will 
accept papers by email. 

In a letter of transmittal, give the names and addresses 
(postal and email) of the author or co-authors. Also give the 
names, addresses and email addresses of three persons not 
directly associated with the work and outside the author’s 
institution, who could act as referees. 

Authors or their institutions may be requested to con¬ 
tribute towards the cost of publication of the paper and in 
the case of very long papers, such contribution is manda¬ 
tory. It will assist reviewers if related papers recently pub¬ 
lished or submitted elsewhere accompany the submitted 
manuscript. 

For all papers, presentation of the final manuscript on 
CD-ROM is mandatory. Please ensure all materials submit¬ 
ted are clearly identified with the corresponding author. All 
filenames should include the author's initials, and prefera¬ 
bly the paper number when allocated; similarly for discs. 

FORMAT 

All manuscripts should be written in clear and concise 
English with double spacing throughout; leave 30 mm mar¬ 
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